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CURRENT MILKY WAY PROBLEMS 


By Dr. BART J. BOK 


recent vears received so much a 
from the writers of popular 


that the interested lavman micht 


ve formed the opinion that the 


days for work on our own milky 
svstem are ovel This 1s most cer 
not so The available evidence on 
eneral shape and outline ot the 
vay system appears to be more or 
nelusive, and it seems unlikely that 
vs on these pomts will undergo 
changes in the near future At 
very little is known, however 
the details of milky way structure 
ill deseribe briefly in the first see 
the facts on which our present infor 
on the location of our sun in the 
way system is based, and discuss 
ibsequent sections our present state ol 


lee coneerning the motions and 


tribution of the stars in our system 


The OvVTLINE or THE MILKY 


hand Ot the milky Wa Whiecl 
S Ol if the finest features ot the 
, weer 
rie SK s lll al idles DiavVs a 
, { - 7 beet f 4) 
e] ole na Studies ¢ ( 
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observe! The band-like appearance o 
our milky Way 1s caused by the hieh de 

{ flatte hiv Ol Gotil Yalta tie svsten 

ser d, how d ve KnOV\ that the sun 
nas an eccentric positior the system 
If the sun were anywhere near the 
valact center we would expect fairly 
constant brightness all around the milky 
Way It is true that some separate star 
clouds or dark nebulae might cause oe 


easional fluctuations in brightness, but 
there would be no reason to expect any 
larve-scal 
observe such variations. The half of the 
milky way from Cygnus through Sagit 
tarius to Carina is very much more bril 
lant than the other half, which passes 


through the constellation of Orion. The 


central portion of thr milky Was talls 
clearly in the direction of the constella 
tion of Sagittarius, and it is there that 
we LOOK al present for the center of the 
valacti System 

There are several independent lines of 
evidence which support the hypothesis of 
the c«aistant center in Sagittarius The 
elobular star clusters are conspicuously 
concentrated toward the Sagittarius reg 
ion. to whieh Charlier referred as the 
‘home’’ of the globular clusters. Shap 
lev’s work has shown that the globular 
elusters are among the most distant ob 
servable galactic objeets, and their con 
eentration toward one hemisphere of the 
sky suggests that our sun is nowhere 
near the center of the galactic system 
The globular clusters are by no means 
the only objects that show a decided 
preference for the milky way regions 
around Sagittarius. The same pheno 
menon is exhibited by almost every type 
of object that can be observed at large 
distances from the sun New stars or 


novae. faint distant variable stars plane 


e Variations We do. however. 


Further corroborative evi 


been contributed by the theory 


rotatio Our galactic svster 


| 
fe 


li Is 


flattened and t} IS alone IS Strong 


restive of rotation of the svsten 


whole Qort and Lindblad showe 


thre existence Of such a rotatn 
demonstrated from studies o 
tribution of the mot 


incidentally proved from th 


that the direction toward the 


rotation 1s somewhere in Sagcit 


The location of our sun with 


the center of the gwalactie syste 


many FenTUrIeS heen a pont 


the astronomer had no definit 


lons of the 


hi ¢ 


Nn rT? 
Star 
eir rt 
Cel 
tariu 
resp 
m | 
tied 1? 


tion. This has all been echaneed d 


the past twenty-five years, and 
to be highly improbable that t] 


ever he restored to the central 


It apy 
i? Sill 


{ 
posit 


our galactic svstem, which it was 
supposed to occupy 

There finally remains the matte 
scale of our schematic diagram. S 


lev’s original investigation su 


value of well over fiftv thousand 


(POA 


vears for the distance of the sun fro 
valactic center, while the first eon 
tion from the theory of galactie r 
by Oort gave twenty thousand light 
for the same distance Investivat 
made since 1929-30 by Trumpler 


many others have shown that conside1 


interstellar absorption is presen 
the light from distant objeets l 
correspondingly Shapley’s ori 


tanees of globular elusters shor 


t and 1 
s dim 
ol 


ild tI 


pore be reduced by approximately Ul 


ye y" eent More rece nt hse 
material bearing on the theory o 


rotation in particular, the rad 


TVal 
rt gal 


lal 


ities contributed by Plaskett and 
collaborators and by Joy has sl 
that Oort’s original estimate for the 
tance ot tl sun trom the galaet 

had to be inereased Astronomers 
now pretty well agreed that the ea 
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THE GLOBULAR CLUSTER ( P AURI 
es somewhere between thirty and rently hi he a 
ve thousand hght vears from our vest : nd si 
It is impossible to say Just where Is not o1 rogress | b 
ite! boundary of our galactic sys made pul ‘ where 1 I 
the full-drawn line in our diagram 1s most urgent needed 
awn through points where the spac There is a broad dh 
sity of the stars could hardly exceed = groups problems, the first 
per cent. of the value near the su cludes n : itions «ae 
s only natural that the reader wi struct hereas the ¢ ns relatu 
irther information about some of the to ste r motions nd ti ! 
s not shown in the schematie dia properties the svsten 
Is our galactic system a spiral divisio ppearal 
a Do separate star clouds exist vav Is infl al ! 
system What is known about bh Si bh | eri 
interstellar medium, which appar vhiel eC) rt . 
plavs an Important part in studies tal 1 pyects Tro \\ 
actie structures Unfortunately sha rec { 
mpossible to give straightforward 1 | 
rs To these quest ns now We eal ‘ ! I 
I (LIS SS Tlie 1) blems Tha 
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THE INTERSTELLAR MEDIUM 
particles which inhabit the regions 
the stars vary all the way from 
electrons and atoms to meteoric 
es of the size of an average pin 
The blocking of the light of dis 
alactic objects is caused neither by 
atoms or electrons nor by meteoric 
cles, but it has been shown that 
les with dimensions of the order of 


tenth to ten times the wave-lengt! 


light are chiefly responsible If a 
cloud of large meteoric particles 
between the earth and a distant 
the star would appear Tainter be 

se of the resultant absorption, but no 
ve in color would be observed. If 
same cloud were to consist of particles 
dimensions small compared to the 
ve-leneth of visible light not o ily 
d the star appear fainter, but its 
would become distinctly reddened 
ery one is familiar with the last type 
scattering of light; the small particles 
he earth’s atmosphere seatter the blue 
ves in the light of the sun more effee 
y than the red ones, an effect which 
example, causes the setting sun to be 
The degree of 


dening accompanying a given total 


land the sky to be blue 


ount of absorption for photographie 
ht is a measure for the particle sizes 
the most effective absorbers 
There are several types of luminous 
rs for which the intrinsie¢ colors can be 
edicted from speetral studies. The 
sured colors of such objeets will vield 
rmation on the change in eolor caused 
the passage of the light through the 
rstellar medium, and give definite 
s for the derivation of the distribu 
Valuable contribu 
Stebbins 


of particle sizes 
s have been made by 
mpler, Struve, Schalén and many 
ers, and the presence of a slight 
nt of space reddening has been estab 

} ‘ 


It ms Trom the observationa Stid 


lors of distant stars that om 
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In the 
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original investigat 


veneral act 


near the galac 


tic plane 


‘eptan 
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hut ! spit 
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Ws he 
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riik REGION OF THE SOUTHERN GALA C WINDOW 


\l ) { { 
magnitude. The average coefficient holds is gradually being focused upor 
tor revions close Tt. the valactie plane Variations nm the amounts of interst 


and it can be shown from the distribution absorption from one region to the 1 


of stars and nebulae away trom the plat e A glance at ai Vv m ky way phot 
that the effective thickness of the ealactic will convinee the reader better of the 
absorbing layer is certainly not in excess portance of fluctuations in the interst 
of two thousand helt years lar absorption than could a long preaml 
At present we are, however, no longet The characteristic feature of all n 
so very much coneerned with the average way photographs is that of mat 
eoefticient of absorption. but the attention irregularities 1 stellar distribut 
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nes and regions of star-defie 


eney 


t on all such photographs and 


main problems of to-day is to 
bsorption arises dark 
Around 1930 most astronomers 
the opinion that a smooth eo 
s medium was probably responsible 
This has 


there is 


interstellar absorption 


vy changed, and now a 
rable following for the hypothesis 
solated dark nebulae may account 
a0 of the total 


Several 


Past per eent 


tellar absorption 
ed to this change of opinion 
was only natural, at the time that 
suggestion of general interstellar ab 
tion was first put forward, to assume 
re or less uniform distribution of the 


stellar medium and obtain this 


at least 


ith 


some information about its 


It 
refined 
in the 


st general properties might have 
that 


modifications 


studies 


‘ xpected 
TO 


more 
lead first 


hypothesis Astronomers have 
¢ the past ten years paid eonsid 
attention to the study of isolated 


The 


ed by anv means, but alre ady we can 


nebulae survey has not been 





hat the known nebulae alone con 
significantly, to the general ab 

‘! Some of the isolated dark 

ae cover tremendous areas of the 

the dark nebulae in Ophiuchus and 
Scorpio cover an area of one thousand 


ire degrees of the sky, which is equiva 


to five thousand times the CON 


area 

by the full moon. The light of the 

be vond these tremendous dark 

» 1 lae is dimmed by at least a full 
te tude 

} rther evidence for the importane 

rr ndensations in the interstellar 

if lth has come Prom studies of the dis 

rst ition over the SKY Ol distant external 

mb es. There are literally millions of 


objects within the reach of modern 


IK S 


Ope S 


Each galaxy that is found o 


it) 1 our photographs (there are some 
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ralactie eirele his, together with the extra effort, it 1s quite possible t 
survey of the distribution of isolated dark the survey for some small regions 
nebulae. should go far toward unraveling rourteent! magnitude Color ol 
the remaining mysteries ¢ the absorbing tions Tor the same stars present 1 
interstellar mediun eulty ind since it Is possible 1 
true colors and approximate ab 
3. STRUCTURAL PROBLEMS magnitudes from the speetral ty] 
s necessary to have full information comparison between the true at 
on the properties of the absorbing — served colors will yield directly in 
medium before we ean tackle with any tion on the redde} Ing caused by 
hope of sueeess the pre blems of the dis stellar abs rption rol the field 
tribution of the stars in space. Our investigation. The star counts giv 
present data on interstellar absorption ther data on the distribution of is 
are unfortunately far from complete, and = dark nebulae, and by adding surv: 
it is very much easier to write down a the distribution of faint external ga 
Ist of topes that await further study the absorption properties of the 
than it would be to make some positive become known. It is then a straight 


remarks about the distribution of the ward proc ss to derive the density | 








stars at various points in the galactie bution for the stars at large from 
plane counts and, fron the speetral surve 
If we know for a eiven direction the each spectral type separately 
amount of absorption at various distances Studies of proper motions and 1 
from the sun, it is possible to find the velocities. as well as investigations 


run of the star densities for that direction distribution of variable stars, hav 


I Star counts, or Trom heen included in the above progran 


from the analvsis o 


studies Onl the distribution ot spectral would he a eonsiderable help tor the 


tvpes and colors. Because of the fluetua analvsis The proper motions 
tions in star density and absorption from make possible the separation of ¢ 
one rewion to the next, we can not expect and dwarfs amone the cool stars 
to obtain significant results from analyses nearby dwarfs showing on the aver 
of distributions which represent averages much larger angular displacements t] 
for many galactie fields. It is safe to pre the distant giants. The proper mot 
dict that our knowledge of galactic strue might also help further in the absorpt 
Ture will he advanced most rapidly by analysis hut recent work along this 
detailed investigations of regions of has not been too encouraging Rar 
limited extent velocities of faint stars can be detern 

The equipments of several of the larger in great numbers with the object 
American observatories are excellently prism method that has recently bee 
suited for investigations of this type veloped as a working tool at Har 
Star counts for large fields ean be ob These velocities provide a check o1 
tained to the fifteenth magnitude with a absorption properties of the field 
four-inel photograp! i e@amera: and valactic-rotation term happe s to bi 
while it would be too time-consuming to enouech. TI ey will be of importance 
count all stars to the nineteenth or twen a further dynamical interpretatior 
tieth maenitude, it is a simple matter To the observed density distribution ) 
obtain counts for a few sample regions ies of the distribution of variable st 
with a larger reflector or refractor. Spee would finally aid particularly in n 
tral ty pes can be obtained for all stars te vations ot mited regions of high s 
the twelfth magnitude, and, with a little density 











CURRENT MILKY WAY PROBLEMS 105 


O ¢ 
is 1 
obs 
nie 
» cle 
abs t 
tvp 
and 
nite 
\ y 
lou 
ive fur 
Isol 
vevs Tor 


ralaxies 
he f 

ivhtfor 
vy dist 


ym star 


iverae 
ts tha 
notions 
rpt 

is line 
Radia 
rmimned 
ject 


PTL 
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THE 


into more 
ceeded ltl 


astronomical 


hope to have s 
that moder 
chnique enables us to attack successfully 
density distribution 
W hat regions 
vill it be well to pay particular attention 
the undoubtedly 


the problem of the 
limited size 


rareoion of 


to Kirst on list come 


the galaetie windows, in which the absorp 


tion bugaboo does not bother us at all: 
second, the regions near the galactic 
plane apparently not affected by isolated 


third within 


fifteen degrees of the galactic cirele which 


dark nebulae: and 


regions 


are tree from the influence of obseura 
tion 

[It was shown earlier in the present 
article that we are reasonably well in 


formed on the general outlines of our 


galactic system, but that our knowledge 
of the structural details is practically nil 
The 


of problems in galactie strueture that may 


hest we ean do Is TO indicate the Ty pes 
he eonsidered as more data are gradually 
becoming available 

] The lacal 


known that, 1 


system: It has long been 


we disregard the presence 


of interstellar absorption, the observed 


run of star counts to the twelfth maeni 


tude indicates a rapid deerease in the star 


density with inereasing distance from the 


valaetic 


direction in the e 


thought of 


Sun tor every 
Ihe 


tronomers after the 


plane first many as 
of inter 
that 
rid 


of those negative density gradients, which 


discovery 


stellar absorption must have been 


now there was an opportunity to get 


indicated formerly a rather pec 


the 


har Posi 


tion of the sun in galactic system 


Subsequent investigations, based largely 


on star counts assembled by Kapteyn, 


and Seares confirm 


There 


indications that 


van Rhijn did not 


remained unmistakable 


this wuess 


the sun Is near a reg@ion 


] 


of high star density and that the density 


drops rapidly in some directions away 


particularly in the diree 
and diametrically 


wtie center. No very 


from the 


sun, 


; 


tions toward. opposite 


from. the ea pro 
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iounced drops are, however, foun 
a line passing through the sun in a 
tion perpendicular to that to the 

appeat 


reasonably constant over a distan¢ 


+ ; 


eenter: the star 


(Le TISITLeS 


least five thousand light years in a 


tion toward the constellations of ( 
and Carina Does this observatio 
cate that our sun is part of a finite 
system elongated along the line ( 

Carina, ?.¢., In a direction 


to that of the 


perpend 
calactic center? This 
attractive hypothesis, and the 
local 
rapid whirls in our rotating galax) 
We have, how 
no information whatever as to what 
lieht 


and it is not at all impossible that 


pict i 


system elongated because ot 


considerable appeal 


pens beyond five thousand 

local system is only a small part of a: 

spiral arm passing through our sun 
The 


carefully the 


first job will be to study n 


density distribution 


galactic p 


various directions in the 
Data on the individual parallaxes, pr 
motions and radial velocities are aeeuw 


lating rapidly for the brighter stars 


the same time large amounts of mat 


on eolors the distribution oT 


Sp 


tvpes and general star counts are be 


} 


ing available for the fainter 


stars 
fore lone it should be possible to estal 


or dispro\ e bevond reasonable doubt 


; 


ocal system 


Star clouds: Tl rregular ap] 


ance of the milky way has led to the des 
* high st 


eertaim regions ol g 


nation of 


density as the Cygnus cloud, the Seut 


Is our milky way perhaps 


The hypot! 


cloud. ets 


ageregate of star clouds 


of galactic rotation does not favor suc! 
hypothesis since can he s] own tl 
most star clouds would be. disrupt 


few galactic revolutions by 


within a 


tidal rorees OT the valactic nucleus b 


then, the theory of galactic rotation n 


by partly wrong and the matter of 


clouds should be 
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and not by roundabout 


some 


al argument 





suspected star clouds are without 





n at such large distances from the 





it will take highly effective use 





Wo! ld’s largest telescopes to obtain 





r the crucial test as to the reality 
We know already that 
star 





} 
se clouds 





pparent boundaries of several 





s are caused in part by the presence 





ir-by dark nebulae, which simply 
off the light of 
Few star clouds have 





remote stars In 





directions 





been investigated completely, but 





ent analysis of the stellar distribu 





n the constellation of Cygnus by 





Miller shows that the Cygnus cloud will 
removed from the 
W hile some 


star clouds are in danger of being 





bably have to be 





the real star clouds 






squalified as such, there will undoubt 





remain a good many smaller con 





sations of which the reality can not 
de} ied ot ihe 


vy luminous stars appear to prefet 





Particularly 


some 






ome in bunehes and it seems almost 





n that these condensations are real 





types of observations that should 


that the 





ide in order 


eontroversy 





the star clouds may he settled are 





much the same as those suggested 





the study ot the loeal S\ stem Only 


the 





magnitude limits for various 





evs should be at least two magnitudes 










ter than those set Tor the local svstem 
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elobular clusters and the 
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Lindblad theory of galactie rotation 





est the presence of a massive galact 





is at a distance of thirty to tl int 





thousand light vears from the sun n 







rection toward Sagittarius The 
t star cloud in Sagittarius has com 
been identified as the galactic 
is. There is little doubt but that 





‘enter of our milky way 


Svstem is 
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ed ina direction which differs by ri 





degrees from that toward 





than ten 
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ill 

St ints and studies .t 
bution I sp ral tvpes s | t 
drop in the star density in the 
f the Sagittarius loud stops at a dis 
tance of the order of two to three 1 IS 
and light vears and is followed by a 
steep rise, Which sets in at approximate 
five thousand light years from the su 


Bevond this there comes. in a 


ity, a region of continued high 
This observation suggests that the 
body of the great star cloud of Sagittarius 
IS considerably closer t us thi 
valactic center 


The 


tarius cloud’s 


original evidence for the Sag 


Valiatl Cle us 


being the 


was based upon observations 


stars. Unfortunately there is not mucl 
information available on the 

of absorbing matter for that 
region of the sky, and the 
available data is correspondingly d 
eult The 
spectral tvpes in the Sagit 


Wallenquist, but 


study oO] Thre ddistributiol 


been undertaken by 


is to be hoped that his , he «< 
plemen ead b nves HS } ’ 
the lar st refl rs 

I} s sl} 
sil \ bh l ! pl Xi? 
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] + 
rue te ~ ? } } ) ry 
eome | | f] t t 
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eome 7 1 1} IS " 
Tive ~ \ | ’ 
Tempt ce ect stun S 
sk } e reflectors 
Eve were so tl ! 
Tt 4 i ™ ‘i 1! i ! 
‘ ? ’ ? ’ ? , 











108 THE SCLENTIFIC MONTHLY 








Oo oO ‘ 

dime) ns of this nucleu Studies of tances above below the plane 

the radial velocities of distant objeets velocities are 1 reat extent oe 
like faint variable Stars Jay r plane by the ravit il pull exerted | 
tary ! 1) it Bern ! i already ratactic nu S It S ndeed 1 1 rl 
shown that much informatio: the dis sible that careful studies of cbieets 
tribution i matter in out act svsten Star-empt re nS around the ri 
i! by btamed from the Variations wi pole ma e the most re abl nto! 
The iverucue radial Velroeiwties of CerTrtiall Pry. ol hie } | 1! i 1] 
rroups of distant stars and nebula \ svsten 

second wav has been suevested by Oo) 

In connection with the distribution of t. STELLAR Mori AND GALA 
stellar velocities perpendicular to th DyYNAMIE 

tact plane for objeets t lar «11S | Vas necessal | me Mn ¢ alt 
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rHE SAME DIFFUSI 
‘ OTO 
stellar motions in connectio that 
ome of the typleal structural prob nu | \ 
\ that have already been considered. pi 
! e exists, however, a group of valact cel 
. ems | } ‘ eals specifica ‘ viti 
motion 1 ir milky av SVS . 
I { which may properly be discuss 
present headit 
Qdort-Lindblad theor se hee ’ 
bh su ssful in explainn 
+] hserved } 
stributior the s () 
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tt sun certain means for explaming a pronounced as 
run ahead metry in the distributio1 stellar 
il ! hel na Tions a Lie act plate Wi nhadt 
rear ¢ msidera revealed bv the work ol | ss, SLO! 
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be sufficient to carry the star around in a 
more or less circular orbit, and the result 
vill have the elongated shape 
in the diagran Such slow 


” Stars do eXIst observer on our 


have velocities ¢ 
‘SS per second in a rection Opposele 


the vreneral gvalactie rotation 


observed phenomenon of asymmetry 


Ss that we do not find any stars that 
move with speeds of the order of fifty 
miles per second with respect to our sun 
in the direction of rotation Such stars 
would have velocities of the order of two 
hundred miles per second with respect to 

ic center and the hypothesis of 
valactic rotation suggests that the gravita 
tional pull of the galactic nucleus would 
be too small to keep then permanently in 
our system 
Che simple explanatior for the phe 
nomenon OF asymmetry in stellar motions 
can be refined in several ways, but the 
rough argument serves to show how this 
asvmmetry 1s a natural consequence of 
the rotation of our galactic system. As 


tronomers had tried in vain to explain 


the asymmetry on the assumption that 
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eT Star streams, (Is i 
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| rit list adecad ( 


stratu from the observed st 
ns it the predicted variations 
ive velocities of stant stars 
the theory of galactie rotation 
ht ully boast of thre major 


s. But again there remained, and 
mains, a lot to be done! 

primary need is for further dat 
the line-of-sight velocities of distal 1 


ts. Important contributions hav 
ade in recent vears by Plaskett 
t stars with high temperatures ), Joy 
Cepheid variables) and Berman 
tary nebulae The results « 


studies have strenethened the 


servational foundations on which the 
thesis of the rotation of our galaxy 
hased. The two outstanding defects 
available material are 1) an in 





ent number of velocities for faint 


2) an uneven distribution of the 
) _ wit} known velocities alone the 
O v way. A distressing lack of radial 


tv data in the southern hemisphere 
risen because of the location in 
hern latitudes of most of the tele 
Oo es used for radial velocity work. A 
British observatory to be estab 

n South Africa near Pretoria will 


ibtedly do its best to fill in that 


ar gap. <Also, during the past 


ars the objeetive-prism metho 
ng radial velocities for large num 
f faint stars has been adap ed for 
th the Harvard Observatory sin 
ments at the station at Bloemfonten 
Africa. There is now in progress 
Harvard a study of the distribution of 
adial velocities of a thousand stars 
welve fields, located at intervals of 


degrees around the entire 1 


vhiv significant results ma he ex 


nvextiont 
oon VeSTICA Ons «cea 
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eS Ve! distant stars mal 
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mber the need for further theo 

estigations Our galactic SVS 
v be i spit i! nebula What state 
} s TO bye expected It sucl a 


spirat nebulae 


ul cl 
lessees Call We make about their POs 
ad 


namical studies of great difficulty 


the 


How did 


rr’ KRTOW!] 


many 
eome mto existence 


development Such questions | 
eh Lindblad has paid particular 
onaluring recent vears. It appears 
Newtonian 


after all sueceed in explain 


the erood old law oT at 


on may 


the nature of spiral arms and that 


will be no need to invent mys 


iS ° eosmic forees’’ to aceount tor 


prevalence ol spiral structure in the 


erse of valaxies 
\ second theoretical question that still 
is related to 


os astronomers Guessing 


rigin of our milky way svstem It 
meg been known that there exists a 
atiol het wee the velocity charac 


stics of the stars and their physica 
kor 


the 


instance, there are indi 


erties 


ns that blue-white giant stars 


less orbits 


more or 
ind the 


ve in cireular 
galactic center, while the red 
TS appeal Te prerel more ebonea 


s. Also the 


stars 


we find among 
that the 


ods of light variation of the order of 


variables witl 
days move in circular paths, whereas 

ids with periods around one day 
found to have orbits that are definitely 
vated. This difference must be 
the 


some 
beginning of ow 


the 


related TO 


etic system and origin of stars 


present it does seem absurd that the 


ods of light variation, which depend 


mditions in the stellar interiors 
ild be correlated with the speeds of 
stars. But absurd or not. we have te 
the faets and we should admit that 
have as vet mighty little to offer for 


Yplanatio1 
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This in itself offers prett | evid 
t} it < rsvate ~ st | 
time pl resses stars sl lue) 
il } ~ hiwons ; " | , 
tent; it is instanee diff 
stand how the members of the 
nected Ilvades cluster 
riil el eariy para ‘ ! ! | 
lew atact revolutiol sevel 
nendent lines of evidence su t th 
proximately three bil ! 

ilar svsten unde! ent some ra 


drast1 punishment 


happe at that time 


other problem for the astre met 
solve but before we 1 I \ na 
te) first some mor for 
what son right nov 
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1 struct i! I heer | 
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eff nt instruments. Tl rog 
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By Dr. R. 


IN SOLUTION 


GASES 


air 


pre reentaves viven apply 


ne surtace witli 


salinity 
lO? € 


» per cent. and temperature of 


These figures, indicating the 


proportion 


yf evera relative to one an 


rases 


Other in dissolved, as compared with 


atmosphere air, are perhaps of less prae 
I 


tical are those indieat 


significance than 


ing the volumes of oxvgen in a liter of 


sea water at the point of saturation—and 


this varies with the temperature, the pres 
the Init At any 


+ ] ] 
sea water can hold 


sure and viven tem 


pressure 


perature and 


In solution less about one fifth 


oOoxvven 
water, as Is indieated 


After F 
Dp 954 


rresh 


than ean 


by Table II 


and Hyort 


ox, from Murray 


IN THE 


SEA. 


E. COKER 


II 


more OX ren 


quantity. OX) 


sumed and oxygen produced art 


ance 1s called the ‘‘e mpensatior 


Maine in 


30 meters 


in the Gulf of 193 


June, 


was at 24 


} 


Carbon dioxide is solubl 


in about fifty times the prop 


is found in the atmospher 


which it 


even that is a very small proporti 


proximately 1.6 per cent. by weight 


water as compared 


with 0.038 per cel 
atmosphere Carbon dioxide is a 
ent in sea wi ‘bound’”’ 

mbinati 


biecarbo 


bound’’ ¢ ition n « 
minerals as ¢ es and 
‘*There is 1; I , it 50 ee. of 
aeid in » liter of sea water 
pared wit oxvgen), but 


} 


only a few hs of a eubie centin 
IS Tree 

Hjort 

consumed by 

1,000 meters, and doubtless rarely at 
depth, although 1 1 ‘e be 
duced In quantity bo 


} 


animals and 


+} 


ranic matel 





animats 
in warmer waters 


SCCK e bottom, and abvssa 


presumed 


Ant 
Vv esp 
Surtace waters are 


‘ated Deep waters 


be generally poor 


dissolved gas is used 
respiration of abyssal animals 
tT organic 


hot tween OU) 





CONDITIONS OF 
DEPTHS 


slow dr , horizontal 

able onditions of 

or salinity 

rotation of 

influences 

very build 

the vreat de 

incapable of taking care of thems 
the surface: the greatest living 
crean Kare mpfleria kaempfe ri. five } 
In expanse of limbs, would be 
helpless lili Wave list irbed Wi 
abvssal rev) | la! then be thou 
as regions 0 ’ larkness, almost 
solute stillne 


’ 
how temper 


pressure Is ¢ 

Photo 1 

ACHING A METER NI 
TOWING CABLE FOR COI und 
ING PLANKTON av appropri: 

a ; the even tenor 


significance 


r whiel 


can be comparativel: 

sonal variation In » conditions ot 
ence Krom e: west and nort! 
south. under the tropics or beneat! 
with oxygen, while below that the maxi Arctic and Antaretic 
to December and from December to -J 


er cent. saturated 


] 
emectes rrom 


mum saturation may range between 30 
per eent and tO) per eent there IS no change 1n the conaltions 


The conditions of life of all animals light, because there 1 heht bey 


and plants in the in other waters, Such momentary f ‘sas may be p 


duced by the lie organs of abvs 
animals; there are no pronouneed dif 


is compared with those of terrestrial or 


ganisms, are marked by this important 
distinetion at the requisite gaseous @lces in temperature, no storms and 


tually no pereeptible currents. I) 


place to place there may indeed be 


relatively extreme de 


air contaims 


the amount of oxygen 


dissolved in 


earbon dio 





. } ; . 
siderabl ray 


remarkable Lhhi 
that the floor of the sea bevon: 
Shelf was without 


Zoi area 


~ Ipport 


Aretic 


eourse 


replaced at the surtace by 


depths, and 
oxveen 


SO) 


supply 


region is re 


part of the At 
Indian Oceans 


suel 


7 Animals 
presumably 
ven brought by the 


bottom 


slow drif 
oxveenated waters 


Probab \ the aby SSa 
abundant 


lit 


ORGANIC LIFE 


IN THE SEA 
ae 


REQUIREMENTS OF LIF! 
ceneral way the 


the 


necessities of lite 


sea as on land: wate 


carbon 


buildn 


(LIONTWLe, 


necessit1es, 
some n 


. f kee 
CHiis oO net 


ilar popu 


ation in equilibrium 


dur previous dise) 


‘ ; 
ery enoug! 


ISSITO] 
adequat or tl 


Inposes 


‘urrence 


require 
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rvanisms 
as the inhabitants of 


lake or ocean 

Wherever shelter 
availed of Clams. worms and ¢1 
burrow In the botto and even 
or find concealment amone the 
the bottom. The disearded 
econchs become the houses of 
crabs Ovster beds and thickets 
vrass harbor a rich and varied } 
tion of small plants and animals 
sargassum weed, which oeceurs in 


+} 


floating gardens, offers one of the 

HAULING IN THE PLANKTON refuges of the ocean proper, and the 

THE **CARNEGIE”’’ tensive masses of weed are true zoolo 

vardens: they afford shelter to what 
the uninitiated, is an astonishir 

munity of fish, mollusks, crustacea 


the eontract. have sOTne means ot recu 
, : other animals which manifest the 
latine the extent of the depredations — ' ; 


bizarre fo iS 1 eorrespondence 
made upon them eet og “a ponden 


i 


1? 


On land, in fresh water | in heir peculiar habitat. Still othe: 
waters, there ex} or whil | , —— Ind ‘fuge within the bells 
fishes 
initiatlini th play enificant trusio 
part in preserving ea { > form 
between the warring ‘rs of the e these 
Hh 


We know 
far the ere; ‘kL part 1e LIONS OT lite o 


IST have bee ryiypye ssecl wit] bottom protec 


W here the isms that pres 





ereethl 
throug! 
animals and carnivores, 
the reduction of organic 
bacteria of decomposition, and 
again 
re passing to a col sideration of the 


1} 


s of plants and animals that live 


sea, we might recall Haeckel’s class 


m of aquatic organic life by mode 
ing, aS Benthos, Nekton and Plank 


the last being Hensen’s terms. Ben 


animals or plants are those that 


n close association with the botton 


th relatively fixed objects: worms 


burrow, crabs that crawl, snails that 
p over plant stems, barnacles that are 
hed to any available object, living or 


| ete The nekton comprises animals 


rove freely in the water, having no 
eonnection with the bottom 


‘sssary 


squid, whales, ete The plankton IS 


4 } 
f the plants and animals, ve, 


prised OT 


lly small and with bodies searcel) 


er than sea water, that have limited 


otion and that are there 


rs of | eon 


arried about by the currents The 


] 


not all-inclusive, i} 


‘ation IS 
no sharp ne hetween thre se 


rroups. Nevertheless, it has 
enience, and the term plankton 
ly indispe 


nas hecome pract Tor 


we have suggested on an earli 
the seas, in spite of their continuity 
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eve 
sky 
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plankton 
COMMPOne 

t hours at 
ure most 


and probably rc muel 


The conditions 
that the 


IN THE 


been made 


broad hase 


sea Che 





Coasts 


Froups not represented on 


waters 
leae, abun 
romiment 
ar 
al regions 
ant in tresl 
salt wate! 
some admixture ol 
other hand, brown and 
hlv present in the benthonie 
ocean along and near the coast, 
represented in fresl 
eae, ineluding rock 
and kelps, are 
conspicuous OF ¢ 
more delicate red 
extend farther out 
only in hart 
ores but also in the 
Continental Shelt 
penetration of the 


nt neeessaryv Tol! t} e 


special 
ital Shelf 
seaweed. Sareassum 
seaweed that finds a promine) 


Breaking 


KHnOW! 
errows 


ompose 
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vtoplankton ‘normous numbers, but ind 
vaters as the are quite small some are 
of animal [1 » ocean A the chief Nant consume! 
arkable phenomenon j i one not vet and the main support ol the 
has been the “animals, are cvenera 1\ 
sudden disap the smaller crustacea at 
‘Igrass on both sides of the — principally the copepods 
m some ‘ i fie shores, ap 
result with the ae 
companiment of some sort of disease 


l 


Apparently this disaster elgrass and, 
of co ( \ ’ the antmals asso 
lated with Is not tirely without 
precedent, but why does the disease ap 
pear so suddenly and in such wide-spread 
fashion 

In summary as regards plant life in the 
ose species ot plants that are visible 
ve play a minor part in the 
‘metabolism of the sea.’’ and emphasis 
placed on the minute species 
avs Brooks (1893) ‘‘is the fun 

conception of marine biology he marine communities 

all the life in the modern Comparison of fresh-water 

microorgan plankton reveals a 
‘va 


t hie 


animals in th 
a most important 
ANIMAL LIFE IN THE SEA :' 
plankton is wha 
nparison of Occeanie and Other Faunas comprising th 
With such a contrast as prevails be spend only 
tween the forms and sizes of plants in the plankton sl 
ocean and on land, respectivel) fishes and sea urchins, 
be expected that there would be a corre- _lusks, crabs and sedentary 


spond ner eonti ! ‘oe , to the SIZeS the other | animal 


ol the primary CONSTIMEe! ol plants 


Brooks long ag ‘marked on the appar 


nivorous: ‘re are ho 
the sea corresponding 


rodents on land or ne uv Vi rs 


birds ana 





In quan 
plankton animals 
tacea of three er 
rs a striking contrast 
ind very general review of 
of animals of the severa 
respect to fresh water, the 
he land may be illuminating 
n with the simplest forms, no 
distinction can be made between 
tozoa and the flagellated proto 
s such as the coccolithophores and 
lagellates to which references have 
isly been made. With respect to 
a proper, the casual collector wil 
ibtedly make acquaintance with a 
vreater diversity of types of proto 
fresh water, but the unicellular 
play an equal and probably 
greater part in the bionomics of 


a than in that of fresh waters 


xtensive areas of Globigerina Ooze. 


than half the floor of the 
he less extensive but still 
of radiolarian ooze tes 
he vast abundance of both Fora 
ra and Radiolaria, groups that are 
\ represented, the Radi laria not 
n fresh waters. Again, one ¢ 
encounter in fresh waters any phe 
n ¢ mparable Th he oeeasiona 
is populations of the cystoflage 
Pyrocystis noctiluca and Noctiluca 
‘, flagellate protozoa of very larg: 
ip to 1 mm in diameter for Noctiluea, 
aracterized by the capacity 
scence. In certain 
C., Noctiluea mav at 


popula 


with 
are making continuous 
More impressive test 
some organisms 
eoncentration 


1\ 
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BLUE WHALE ON FLENSING PLATFORM 


\ ATIO y so Hl SEAS FROM ‘* DISCO LEPO 
tion or two), Echinoderms (starfishes, third class, the Peleeypods or biv 
ete and brachiopods are exclusively occur broadly in fresh waters and 
marine while, on the other hand, rotifers, seas, but doubtless the greater numl 
with a few exceptions, and Gastrotrichs species are marin¢ The Gastropod 
are restricted to fresh waters Klat cluding snails and conchs, are als 
worms and round worms, respectively, abundantly represented in salt tl 
are much more generally distributed, oc fresh water, but two very distinet 
curring in salt and fresh waters, and as’ of snails have invaded the fresh w 
parasites in fresh-water and terrestrial and there developed a considerab 
inimais, Among the Annelids there are versity of species. One of thes 
two small classes that are exclusively ma comprising the pulmonate snails 
rine; a third class, the Chaetopods, which tered the fresh waters indirectly, by 
embraces the worms proper, are widely of the land, and its members are but 
represented both in sea and in fresh perfectly adapted t ife in wate 
water, but in the main those of the sea most prominent point of contrast bi 
belong to one subelass and those of fres] the mollusean faunas of fresh waters 
water to another; the leeches, constituting oceans is found in the entire lack 
the fourth class, are almost exclusively former of the free-swimming m 
nhabitants of fresh water, although a_ that constitute so significant a part 
lew are marine or terrestria oceanic Tauna Reference is mack 
The mollusks embrace two classes that Heteropods and Pteropods (among 
are exclusively marine, the Seaphopods gastropods), the latter as ‘‘flying s) 
tooth shells ind the Cephalopods or ‘‘delicate shield-shaped shells « 
squid ectopus, nautilus); those of a along by a pall I flapp ne fles] Vw 
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Beebe), frequently so extraordinarily 
imerous in the plankton as to merit 
name of ‘‘whale-feed’’—and to the 
Cephalopods, represented by the great 
schools of squid, the floating argonauts 
and other well-known types. All fresh- 
water mollusks, in contrast, are ben- 
nie—ereepers, clingers or burrowers. 
[he several classes of arthropods di- 
vide themselves conveniently into two 
groups, comprising, respectively, those 
that breathe by means of gills, the Crus- 
tacea, and those that have the tracheal 
system of respiration, chiefly myriapods, 
insects and arachnids. The several classes 
f the tracheates are, of course, primarily 
terrestrial, but a number of insects and 
arachnids have invaded the fresh waters 
and a very few have returned to the 
‘ean. The Crustacea are extensively rep- 
resented both in the sea and in fresh 
waters, but the barnacles are exclusively 
marine, and the ostracods and the larger 
Crustacea (crabs, lobsters, shrimps, ete.) 
efly so, with few genera in fresh 
waters. The Branchiopods (fairy-shrimp, 
ladocera, ete.), on the other hand, are 
principally inhabitants of fresh waters. 
The copepods are much more equitably 
distributed between the two kinds of 
waters, but the sea is their chief home, 
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and there they are paramount among the 
small animals. ‘‘It is an undoubted 
fact,’’ says Russell (1934, p. 2025) ‘‘that 
the Copepods are the most numerous 
components of the animal plankton com 
munity.’’ Neither on land nor in fresh 
water can there be found a single small 
group so generally dominant as are the 
four or five species of copepods that ac 
count for such a large part of the oceanic 
plankton. 
we should perhaps have to take a single 


For a comparable condition 


lake or a single habitat on land offering 
uniformity in chemical conditions 

We have to pass over the diversity of 
larger crustacea which occur in profusion 
in the ocean but are scantily represented 
by crayfish, amphipods, isopods and a few 
shrimp in fresh waters or by isopods and 
erabs of very limited distribution on land 
Most of the larger crustacea are ben 
thonic, but their larvae may be very 
prominent components of the plankton, 
and some species are pelagic at all stages. 
I have seen great areas of the Pacific 
Ocean, off the coast of Peru, blood-red 
with the shrimp, Munida cokeri Rathbun, 
Unlike the 
mollusks, the free-swimming crustacea 


about two inches in length 


are well represented in fresh-water plank 
ton, although the larger pelagic crustacea 
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FREE SWIMMING PTEROPOD MOLLUSKS 
(a) Clione limacina PHIPPS. 
(b) Cuvierina columnella RANG. 


(c) Creseis virgula RANG 


‘*a’? FROM MURRAY AND HJORT, APTER VANHOFFEN; ‘‘B’’ AND ‘‘C 
HISTORY AFTER SOULEYET. ) 
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have no counterparts in the limnetic 
communities, 
When we 


find first a group of 


come to the Chordates, we 
subphyla including 
Balano- 


primitive or degenerate 


glossus, the Amphioxus and the Tunicates 


ty pes 


which are restricted to the sea, and an- 
other subphylum that comprises the six 
The low- 
est of these classes, the Cyclostomes, are 
doubtless primarily of marine habit, but 
some species ascend the rivers and one or 


or seven classes of Vertebrates. 


two remain in fresh water all the time. 
The fishes are, of course, widely distrib- 
uted in fresh and salt water, but within 
this class the lower groups, the Elasmo- 
branchs and Holocephs, are exclusively 
marine. There are, on the other hand, 
some small subclasses, the Dipnoi and the 
Crossopterygians, that are restricted to 
water. The next higher class, the 
Amphibia, bridges the gap between land 


fresh 


and water, but, strangely enough, is en- 
The re- 
maining three classes, reptiles, birds and 


tirely unrepresented in the sea. 


mammals, are all terrestrial except in so 
far as a few species of each class have 
become secondarily adapted to life in 
water, salt or fresh. 

Allusion at should be made to 
animals that constitute links between land 
and fresh water and the ocean. Such 
are the seals, sea lions and many birds of 


least 


aquatic or semi-aquatic habit, whose lives 
are divided between sea and land or at- 
mosphere. There are anadromous 
fishes, such as the shad and salmon, which 
feed and grow to maturity in the sea but 
ascend into fresh water for purposes of 
propagation and the location of nurseries 
for their young; and, on the other side, 
the catadromous eels which come to ma- 
turity during a period of twenty years 
or less in fresh water, but migrate far 
out into the depths of the sea to deposit 
eggs which develop into translucent lar- 
vae that will rise toward the surface and, 
in the course of a couple of years, wend 


also 
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their way back into the fresh wat 


from which their par 


emigrated. A few fish are amphil 
passing freely from sea to land and 


the continent 


again. 
From this brief 


thought at 


review we glean 
that the diversity 
basic living animals is n 
greater in the ocean than in fresh wat 
or on land, but that, on the other | 
the number of terrestrial species is n 
greater owing entirely to the remarka! 
the trach 
types—insects and arachnids. Furt! 
more, the more highly specialized and eff 


} 
least: 


types of 


evoluti ary success of 


cient animals have developed without 
sea: fishes represent the highest form 
by the systematic zoologist 
system of grading. The number of s; 
cies of all animals is smaller within 
sea than without, but there is in the ocea 


marine life 


a predominance of the more primitiy 

types of animals and of those types that 
constitute possible links between the sev- 
eral phyla. In a way we may look upor 
the seas as representing a living museum 
of biological or, it mig 

better be said, as comprising the chief 
repository of the early archives of our 
family history. 


antiquities, 


Richness of Life in the Ocean 
It is too early yet to make any st 
appraisal of the quantity of life in 
Krogh rega 


the sea as less productive than the lar 


sea. As has been said, 


Generally speaking, coastal regions a 
the Continental Shelf are probably m 
richly inhabited than the remote regions 
of the bottom of the sea, but, so far as 
we now know, there are no complete 
azoic depths. Similarly, as regards plar 
ton, there appear to be no azoic levels 
free-swimming organisms being encou! 
tered from the surface to the greatest 
depths explored. In November, 1934 
Beebe descended in his bathysphere to a 
depth of more than 800 meters (2,500 t 
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 plank- OCEANIC FISHES 
levels. (a) Mancalias shufeldtii GILL. 
meoun- (b) Caulophryne setosus GOODE AND BEAN. 
; a (ec) Macrostomias longibarbatus BRAUER. 
reates! (d) Stylophthalmus sp. BRAUER (young). 
1934, (e) Gastrostomus bairdii GILL AND RYDER. 
re to a (‘*c’? AND ‘‘D’’ AFTER CHUN; OTHERS AFTER GOODE AND BEAN.) 


500 to 








432 THE SCIENTIFIC MONTHLY 


3,000 feet). He said: ‘‘The remarkable of 60,000 to 80,000 ke. An incre 
abundance of animal life that came weight of body of more than 30 to 
within our exceedingly limited visual one year manufactured from the s| 
area at almost all depths was wholly ings of the open sea, is indeed 
unexpected ’”’ (Beebe, 1934). Some or- pressive demonstration of § intensif 
ganisms may be restricted to particular metabolism! 

levels and even incapable of maintaining A notable phenomena of distrib 
life at other levels, while others engage is the richness of life in the cold 
in notable vertical migrations, moving tyrbid seas of the north. when thes: 
from great depths to superficial waters compared with the warm and trans 
and back again. “here are occasions and waters of the tropics where conditio, 
places where, under thie influence of favor- o¢ temperature and light might be 


able ¢ iti * mineral si ances 1 . 
ible conditions of mineral substances in pected to support the richest fauna 


solution, of other elements of food supply flora. It should be remarked, how: 
and of temperature, luxuriance of plant that waters which are geographica 
and animal life may occur to give rise 
to such phenomena as the great ‘‘Red 
Seas’’ of dinoflagellate protozoa (or 


within the tropics but which are not troy 
ical in conditions of temperature, suc} 
those in the Humboldt Current off 


algae) previously mentioned, or to the 
I + ; west coast of Peru, may rival the wat 

even more conspicuous aggregations of nari 
: of higher latitudes in luxuriance of 
shrimp, ot copepods or of pteropods — ide é 
: ‘ mal and plant life. The warm and 
(free-swimming mollusks) so well known = — 
7T waters of truly ‘“‘tropical’’ regions 
to whale fishermen as pastures of ‘‘ whale : 


feed’’ and, accordingly, as likely indi- 
eators of the presence of the eagerly de- 


hold less oxygen and, remaining at 
surface, be drained of their nut 


materials which are not replaced 
sired whalebone whales. 


It is possibly correlated with the great iscending currents from the dey 


‘*Pure blue is the color of desolati 
the high seas’’ (Schutt, quoted by J 


stone). 


range of movement offered by the sea 
as well as with the relatively high buoy- 
ancy of the saline waters that the largest 


of all animals, whales, occur in the sea. hus the colder seas are richer in 


The whalebone whales, indeed, give us than the warmer ones; or, at the 
least, the amount of life in polar seas 


perhaps the most vivid suggestion of the 
not less than in the tropics. We k 


capacity of plant and animal plankton 
of the sea to support higher animals. that intense sunlight and high temper 
Feeding as they do upon the very small ture are favorable to plant life and 
but macroscopic animals of the plankton, these results are at first sight astonis! 
such as the copepods and pteropods which ones. ‘‘One stands,’’ says Kjellman, * 
they filter out from the water, they ‘‘rep- before an insoluble problem when 
resent the maximum energetic efficiency makes a haul with a tow-net in the Aret 
attained in the ocean.’’ Their rate of and obtains abundant and strong veget 
growth, says Krogh, is ‘‘unparalleled in tion, and this at a time when the sea 
the animal kingdom.’’ A blue whale 7 covered with ice, the temperature is ex 
m. long at birth and weighing 2,000 kg., tremely low, and nocturnal gloom pr 
he says, becomes sexually mature at 2 dominates even at noon.’’”° 
years, with a length of 23 m. and a weight 20 Johnstone, 1908, p. 205. 
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probable that the origin of many 
modern groups of fishes may have been in 
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is interesting to contemplate the life 
t us, and ask whence it came and how 
came to be what it is. A complete 
unswer to such questions is of course im- 
ssible, and were it available, it would 
ss our understanding. Yet the larger 
tures of the history and some of its 
ils may well detain us, and suggest 
s of inquiry which will be fruitful of 
nteresting results. In Colorado we find 
me of the earliest known traces of ver- 


brate animals, and through the many 
millions of years represented by the Meso- 


» strata, gigantie dinosaurs and other 


strange creatures inhabited the western 


intry. Although many fossils have 
en found, the record is very imperfect, 
s shown by the fact that several succes- 
sive Cretaceous strata contain wholly di- 


verse species, the unrecorded time inter- 


val between them having been sufficient 
r the evolution of an entirely new set. 

n those days, the country east and west 
f the mountains was occupied by a shal- 
w sea, filled with life of many kinds, 

iding fishes of gigantic size. It is 

of the 


s sea, while on the land the plants 
ind invertebrates were already assuming 
should call a modern 
rhe attention of paleontologists has been 


aspect. 


so generally directed to mammalian evo- 


ition, which has been extraordinarily 
rapid, that they have not usually appre- 
ited the vast antiquity of the groups 
plants and lower animals, even many 


t 
venera coming down to us from Meso- 


* times. 

This very ancient life, so far as repre- 
sented by fossils in our region, is not 

sely connected with the modern biota. 
There has been time enough for its de- 
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scendants to spread all over the earth, so 
far as they were able to survive and cir- 
cumstances permitted, and it is doubtful 
whether we can ascribe any particular 
features of our fauna and flora to the fact 
that certain groups flourished in western 
America during Mesozoic 
At what period, then, can we ob- 
Rocky 


Paleozoic and 
times. 
serve the origins of the 
Mountain biota, occupying the territory 
where their descendants still live? 

In the earlier part of the Tertiary, in 
the Paleocene and Eocene rocks, we find 
sufficiently nu 


present 


a oreat series of fossils. 
merous and diversified to give us a fair 


idea of the life of those times. It was a 


period of mountain-building, the dino 
saurs had gone, and the mammals were 
rapidly developing, though still very dif 


ferent from those now living. But many 
of the plants belong to modern genera, 
and all of them 
The flora is strikingly diversified as com- 
pared with that of the Mesozoic, though 


have a modern aspect 
t 


the differences may no doubt be partly 
explained by more favorable conditions 
for preservation. The insects have a very 


modern aspect; the oldest known digger 
wasp, with its wings spread out and show- 
ing the pattern, would excite no surprise 
if collected alive in Colorado to-day. Cer 
tainly this fauna, especially as preserved 
in the Green River shales, contains many 
elements still more or less characteristic 
of western America, though by no means 
contains 


peculiar to it Yet it also 
is the prettily marked moth 


still 


groups, such ; 
like fulgoroid 
abound in parts of the tropics, as India, 


Homoptera, which 
but are unsuited to our present relatively 
cold climate. 
very searce, being represented by a couple 
them wings 


Lepidoptera seem to be 


of moths, one of with the 


90 
0 
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banded just as in some living species. 
Dragonflies are fairly numerous, belong- 
ing to genera now extinct. 

So far, it can not be said that we have 
positive evidence of the existence of an- 
cestors of peculiarly western American 
life, unless we count such mammals as the 
Eohippus, considered to be a very early 
the including 
the modern horse, a group which seems 


representative of group 
to have been originally American, spread- 
ing during Tertiary times into the conti- 
There 


is, however, one apparently genuine ex- 


nents of the Eastern hemisphere. 


ample in the genus of snails named by 
Pilsbry Oreohelix, or the mountain snail. 
Characteristic Oreohelix occur low down 
in the western Tertiary, and to this day 
the genus is dominant in the Rocky Moun- 
tain region and confined to western Amer- 
ica. There is no reason to suppose that 
during the many millions of years of its 
existence, it ever extended into the At- 
lantie states, to Central or South Amer- 
ica or into any part of the Old World. 
Contemporaneous with Oreohelix in the 
West in Eocene times were several kinds 
of land snails which have now disap- 
peared from this region or are wholly 
extinct. Some of these are so peculiar 
that it has been proposed to recognize 
for distinct family, the Gran- 
gerellidae. Some important elements in 


them a 


the present snail fauna had perhaps not 
yet evolved, or it may have been a matter 
of chance that they were not preserved. 
The very distinct genus Ashmunella, with 
numerous species, lives in New Mexico 
and Arizona and has not yet been found 
in Colorado. Its oldest remains are Pleis- 
tocene or Holocene, yet it would oceasion 
no surprise if it were to be found rather 
low down in the Tertiary 

Various writers have constructed 
bridges across the great oceans, in order 
to explain the distribution of life. It has 
not that the 


duration of life of a family of animals 


been sufficiently realized 


or plants, or even genus, and often for a 


species, has been ample to enable it to 
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spread over the entire globe, Su] 
conditions to be favorable. Such sp 
might be excessively slow, yet it 

suffice. It 


specific characters are not usually 


has also been argued 
tive, because the characters by wh 
recognize species often appear not 
affect not 
show in detail that this is a mistake, ( 


for instance, the highly p: 


survival. It is necessary 
sider, 
and very distinct Pacific Coast flora 
its accompanying fauna. Why d 
find this biota spreading eastward 
the country? Obviously, becaus: 
limited to those regions in which 
thrive. 
tive, that is, suited to its normal eny 
ment. 

Oceans and deserts or semi-deserts 


Its characters are highly 


been important limiting factors. I 
Western flora we now find a long s 
of genera which do not belong to t! 
gion, but have come in as weeds, n 
from Europe. 
others remain rather local or seare 


Some flourish exceedi 


sects show the same phenomena, ar 
wide distribution of the European 
row is a case in point. These exan 
teach us that the great oceans are 


ancient and that much time has elaps 


since it was possible for the temp 
biota as a whole to pass from one s 
the world to the other. The circum 
biota, which we find in 
and to the north, consists of species w 


our mount 
could endure the conditions of the 1 
ern route. 

The dry plains or deserts are n 
It is diffi 
to estimate the barrier due to the 
region east of the Rocky Mountains 


ally such complete barriers. 


cause about the hundredth meridiatr 
climate changes, and it is probabl: 
if the mountains were immediately 
jacent, the Eastern biota would be 
dered from spreading into them 

some recent examples prove to be ex 


tions to any such rule. It was supp 


that the bean beetle, Epilachna, was « 
fined to the West because of its inabi 














which we 
ar not 
cessary 
ake, ( 
g pee } 
flora, wit 
do we not 


ard acer 
ause it 
ich it 
hly ad 
l enviror 
serts 


me ser 
to th 

ls, most 
eeding 


arece. Ty 


empel 
lé@ Side 
‘um polar 
oun tains 
ies wl 


he n 


; diftic 
the dn 
ains, by 
dian 
ible t} 
tely ad 
be hir 
n. But 
e ex 
upposed 
Was col 





nabilit} 





endure other climates. But, in recent 
vears, it has spread right across the coun- 
try and has become a serious pest in the 
Southern States. Is it possible that it 
luced a physiological mutation, able 

to endure the more humid climate, or is 
it exactly the same beetle which had to 
wait until accidentally transported by 
in. probably on automobiles? Another 
milar case is that of the cecropia moth, 
well known to every one in the Eastern 
states. In the Rocky Mountains we have 
. related species, Samia gloveri, strikingly 
ferent in coloration. But within the 
st deeade or so, the cecropia has crossed 
plains, north and south, in a vast 
my, and is now common in the Rocky 
M Wherever it has gone, it 
In the 
Eastern states is a peculiar black bee, 
with two light spots on its tail. It is 
led Melissodes bimaculata. In quite 
recent years it has appeared in the coun- 
y about Boulder, Colorado, and is now 
her common. It is so different from 
» other bees of the region that it could 
unob- 


intains. 


seems to have supplanted gloveri. 


not have been there previously, 


Northward in Saskatchewan and A\l- 
berta, the barrier is less distinct, and 
is in fact a mingling of species 
which we have thought of as eastern and 
western. Furthermore, in my studies of 
the bees, I have found that in several 

es there are closely allied but distinct 

‘ies southward, represented in Alberta 

forms which are not identical with 
either, but clearly intermediate. 

There are some forms of life which are 
particularly instructive in regard to past 
conditions. Such are the fish, the mol- 
isks, the millipedes and the earthworms. 
In Colorado, the two sides of the Rocky 
Mountains differ almost entirely in their 
fish fauna, not only as to species, but as 
to genera. The abundant small Cyprin- 
lae or minnows of the Mississippi basin 
and the Eastern states generally have re- 
in that territory, and do not 
occupy the rivers and streams of the Pa- 


m ined 
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cific slope. This in itself is testimony to 


the long duration of the mountain bar 


rier. 

The mollusks, millipedes and eartl 
worms illustrate other phenomena. Where 
the country has been glaciated, th 


native earthworms have disappeared, and 
there are none in Colorado, except suc! 
small forms as the Enchytraeidae. But 
there is a broad zone, perhaps best 

here the yn 


represented in Oregon, wh 


try has remained free from ice and 
yet moist enough to support a_ gor 

earthworm fauna. Here are rather nu 
merous endemic snecies of these ani 
mals. In the eczse oF the land mollusks 
and the millipedes, we have numerous 
local species or races, isolated in d 


ferent ranges which have sufficien 


ture for their survival. There is e 
dence here of the progressive desic nT rn 
of the country, but the highly adapted 


desert bi ta proves that desert econdit nS 
existed from very remote times ? 
Anadenulus in the Cuyamaca Mountains 


is one of tl 


e most remarkable examples 
A very distinct genus, it is represented 
only by a single collection made years 
ago by Hemphill in these mountains near 
San Diego. It has not been seen since, 
and is possibly now extinct. In Southern 
California, Arizona and New Mexico, 
there are very numerous species or races 
of Helicoid land snails, each e¢ 


Thus if happe ns that 


nfined toa 


very limited area 
in looking at a list of the snails of South 
ern California, one is astonished at the 


4 


number of species, yet on going out into 


the field one is equally surprised at the 
scarcity of the fauna. Last spring, I 
visited Jacumba, on the southern border 


of San Diego County, right on the Mexi 
ean line. I thought I should find a snail 
fauna there, but although there is a creek 
which had brought down a great quantity 
of debris, not eould be 
found. In country 
there would have been several or many 


a single shell 
almost any other 
species of small snail shells. The appar 


ent paradox is of course explained by the 
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for 
snails, and the consequent isolation and 
differentiation of 
favorable localities. 


unsuitability of most of the region 
colonies in the various 
The millipedes tell 
just the same story. 

It results from all this that the whole 
region is of extraordinary interest to the 
naturalist, who may expect to find iso- 
lated, relict species, sometimes distinct 
This survival of 
small 


genera, at many points. 
not eonfined to 
it is exemplified by the species of 


ancient types is 
things ; 
Sequoia and the California condor, as 
well as various forms known to have died 
out in very recent geological times. Thus 
the Western Pleistocene, with its fossils, 


importance in connection 


with the study of existing life. 

Here in Colorado we have an animal, 
the so-called antelope, which represents 
the remnant of a remarkable and 
once highly diversified group, as shown 
in detail by Frick in a volume lately pub- 
lished by the American Museum of Nat- 
ural History. 
and south, but is endemic on the Western 


is of 


prime 


‘ + 
last 


It is widely spread, north 


Plains. 

It is interesting to examine the various 
genera, and ask why some are represented 
by single species and others by a great 
Are the monotypie genera 
remnants of a 
Why is it that 
certain genera are very rich in species at 


multitude. 
nearly always isolated 


once diversified group? 


one time or place and poor at other times 
Among the bees, the common 
genus Andrena very possibly has a thou- 


or places? 


sand distinct species in the United States, 
and it may be that this is an under esti- 
mate. New ones are found every year, 
and large areas have yet to be searched 
for them. These bees are many of them 
oligotropic, that is, confined in their vis- 


its to particular types of flowers, and the 
diversity of the flora is connected with 
But an- 
other genus, Heriades, has only a few 
species in North America to-day, though 
they were numerous in Miocene times, as 


the diversity among the bees. 
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shown by the fossils in the Florissan} 
shales. They are still very numer 

the fauna of South Africa. 

Work on the large genera of anir 
or plants is exceptionally difficult 
account of the 
dealt with, and the necessity for forn 
critical judgments. But it is this typ: 
work which will help us to underst 
the nature and causes of the evolutior 


mass of material 


process. 

What are the prospects for work on t 
Western Biota in the coming years? (| 
we, of the older generation, contemp 
the assur 

proni 


our unfinished business with 
ance that a generation, 
from our learning 
mistakes, will carry the subject to a p 

We ho; 


it may be so; we feel quite sure tl 


new 


from 


successes, 
far beyond our present vision ? 


sooner or later, it will be so, but we s 
Ameri 
life, whether in or out of our large ins 
tutions, is not as a rule favorable for « 
and ardent 
There are only a few places where larg 


certain obstacles in the way. 


tinuous intellectual 
collections of specimens or books can 
consulted. And when the work has bi 
done, there are few opportunities for its 
publication. 
that it can be published at all, when m 
of it is read, at the present time, by on! 


Perhaps we should mary 


a handful of people, and really exists 
primarily for posterity. Very frequent) 
to say the least, those doing the work hav 
little appreciation of its broader signif 
eance, and in the nature of things it 
impossible to foresee what structure 
knowledge will be eventually built out 
the facts now coming to light. It wou 
doubtless help matters if there could bé 
published, in readable form and well 
lustrated, a series of little manuals show 
ing the methods of study and the broader 
the Such books 
might interest many who would be r 
pelled by the severely technical papers 


significance of work. 


specialists. 










“lorissant 
nerous jy 


animals 
icult, 
al to b 
forming 
Ss type of 
derstand 


utio lary 


*k on the 
“3? Cay 
fem plate 
€ assur- 


rofiting 


‘om our 
) a point 
Ve hope 
re that, 

we see 


merican 
re insti 
for con 
labors 
‘e large 
ean be 
as her n 
for its 
marvel 
‘n most 
ry only 

exists 
uently, 
k have 


, 7: 
signin- 


ure of 
out ol 
would 
uld be 
yell il- 
shi W 
roader 
books 
be re 


ers of 











Tue change from a comparatively 
harmless insect to a dangerous enemy 
of man or of material valued by him is 
to be expected where there is an abun- 
dance of suitable food and little or noth- 
ing in the way of natural checks. 

It will help to clarify the situation if 
we remember that there is such a thing 
as the ‘‘balance of nature.’’ There is in 
the world an immense number of insects 
and a long series of plants, each occupy- 
ing a certain position and competing 
with other forms for the privilege of liv- 
ing. A great reduction in available food 
means a corresponding limitation in the 
numbers of the insect. The irregular 
cycles of injury of the apple tent cater- 
pillar are due to the relative abundance 
of natural enemies. The wholesale kill- 
ing of the caterpillars is followed by a 
great reduction in the numbers of the 
natural enemies, and these in turn in- 
crease as the caterpillars become more 
This is only one of many 
It illustrates 


numerous, 
fluctuations in insect life. 
what is going on all about us. 

The development and prevalence of 
insect pests in America is an interesting 
story, especially as the one creature 
which has done the most to bring about 
such changes, namely, man, is the one 
complaining loudly because of the re- 
sultant damage to valued animals, plants 
and human health. It is well known that 
apple-tree insects are much more numer- 
ous, unless controlled, in both numbers 
and species in extensive apple-growing 
sections than elsewhere, hence the urgent 
need in large orchards for repeated 
sprayings or other repressive measures. 
The same thing can be seen in the exten- 
sive grape-growing sections of western 
New York. These hundreds of acres of 


vineyards offer unexampled opportuni- 
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ties to insects which feed upon grapes and 
they have not been slow to take advan- 
tage of the situation. A similar condi 


tion is developing in relation to shade 


trees and the insects which live upon 
them. Ir 


when communities were small and village 


the early days of this country 


trees few and widely seattered, there was 
The ex 
thickly 


little trouble from insect pests 
tensive plantings of elms in 
settled areas and the numerous artificial 
shelters, especially belfries and open 
sheds, have provided ideal conditions for 
the wintering of elm leaf beetles near an 
abundance of acceptable food. It is not 
surprising that these insects have taken 
advantage of their opportunities, espe- 
cially as they have been comparatively 
free from attacks by parasites or other 
natural enemies. 

It is well to note in passing that a large 
proportion of our more serious insect 
pests of farm, orchard or shade trees are 
introductions by human agencies. Over 
one half of such pests have come from 
abroad. This has more than a passing 
significance, since these undesirable im 
migrants from other countries have by no 
means ceased to find their way to Amer 
ica. In spite of rigid quarantine restric 
tions of the past twenty-five years, other 
insects will come and take advantage of 
the exceptional opportunities in the 
western world. 

Back in 1779 Hessian troops landed on 
Long Island, and it is the common belief 
that the very destructive Hessian fly was 
brought into the country with straw used 
for bedding the horses. This tiny pest 
found in the wheat fields of America 
conditions entirely to its liking and 
proceeded to lay a tax on American 
agriculture running into millions. Ex- 


perience showed that certain wheats 
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were more resistant than others, though 
many farmers preferred to grow the less 
resistant varieties because of the larger 
yields and more desirable milling quali- 
A hundred years after the appear- 
America the more 


ties. 
ance of this insect in 
susceptible fields of wheat were occasion- 
ally blasted or destroyed. It was not 
until early in this century that the possi 
bility of 
losses by seeding at the proper time was 
The 
than 


avoiding such catastrophic 
itself is a 
eighth of an 


It travels readily with the 


demonstrated insect 


less one 


fragile fly 


inch long 


air currents and is so prolific that mil- 
lions may drift into and destroy exten- 
sive fields if the wheat plants are in a 
susceptible stage. The secret of success 
is to avoid a combination of millions of 
flies and tender wheat. 

The fruit North 
America the 
early 1890’s when the San Jose scale was 


crrowers of eastern 


were much disturbed in 


found killing orchard trees. It was so 
destructive that in the judgment of many 
progressive horticulturists apple growing 
This 
pest was found on the Pacific Coast in 
1880. 


inated in the Far East. 


as an industry was threatened. 
It is now regarded as having orig- 
Its distribution 
over the country was through the ship- 
ment of infested nursery stock with local 
distribution by both birds and wind eur- 
rents. It is possible that carriage by 
birds was much more extended than was 
at first supposed. In recent years an 
infestation of the golden oak scale, an- 
found at 
Kent, Connecticut, miles from a 


railroad 


other introduced 
South 
main 


widely 


pest, was 


thoroughfare or and 

from recently  trans- 
It is probable that the 
young crawling seales were transported 


distant 
planted oaks. 


on the feet of one of the larger birds: a 
crow or a hawk might easily have ear- 
ried the young scale insects for a number 
of miles. Possibly the same is true of the 
It is interesting to note 
that after some twenty years in the East 
this wide-spread, destructive scale insect 
was being controlled here and there by 


San Jose seale. 
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minute parasitic insects. These wer 
forms which previously existed in sm 
numbers on relatively scarce, native s 
insects and later took advantage « 
great abundance of the San Jose 
and in time brought about what m 
be considered a normal balance. 
scale insect throve immensely at first 
the expense of its numerous tree | 
only in turn to provide abundant pr 


} 


vender for a, humanly speaking, b 


ficial parasite. Such is the way nat 
works. 

Man has disturbed the balance of 1 
ture by planting large areas to sing 
crops. These proved attractive to int 
duced pests. They also provide adn 
able conditions for native insects. Or 
of the most striking eases is that of ft] 
Back in 1824 
was discovered feeding upon the wort 
less Buffalo burr or burr on the 


Colorado potato beetle. 


sand 
eastern slopes of the Roeky Mount: 
Neither the 
which it fed was then of any importa 

to man. The Buffalo burr is related t 
the so-called Irish potato and in the lat: 


insect or the plant up 


1850’s or early ’60’s settlers began grov 
ing the potato in that region, unthinl 
ingly bringing to this hitherto insignifi 
and beetle a plant 
much more satisfactory as an article ol 
diet. The multiplied 
worked eastward at the 

eighty-five miles a year and reached tl 
Atlantie Coast in 1874. Here again mat 
conditions 


eant unimportant 


insect greatly 
rate of ab 


; 


provided favorable to th 
development of the pest, and in the earl) 
days of the invasion the farmer was we! 
nigh helpless, since he had not learned 
to use Paris green and was forced t 
depend upon hand collecting for wha 
This 


beetle, though occasionally troublesome 


ever protection eould be secured. 


now, is by no means the pest that it was 
fifty years ago. A number of natural 
enemies native to the invaded area have 
learned to prey upon the potato beetle 
and in many cases have reduced its num- 


bers to such an extent that it may be 














-egarded as only another insect with 
somewhat injurious habits. 

A similar story might be related of the 
Mexican bean beetle, which for three 

arters of a century restricted its opera- 
tions to the bean fields of Colorado and 

uthward. In 1920 it appeared in 
rthern Alabama and in 1929 was found 
for the first time in New England. There 
s evidence to support the belief that this 
sect was distributed to a considerable 
extent by wind drift. The great abun- 
ince and destructiveness of the Mexican 
in beetle in the eastern states is due to 

‘large areas devoted to beans and the 
comparative absence of natural enemies. 

The cotton boll weevil is another in- 
sect from the Southwest. Its original 

me was in Mexico or central America, 
ind one variety is known to feed on wild 

tton in Arizona. It appeared in south 
Texas in 1892 and has gradually spread 
northward and eastward until it was 

ind in every section where cotton can 
be grown, the annual spread of earlier 
years averaging about sixty miles. 
There is such a close limitation of the 
boll weevil to cotton that some years ago 

was proposed to exterminate the pest 
n the United States by prohibiting the 
rrowing of cotton in a little over one half 
of the infested area for a time and then, 
llowing the planting of the cotton in 
that section, apply the same prohibitions 
to the remaining area, including a suf- 
ficient overlap to eliminate the possibility 
of spread from one area to the other. 
Theoretically it was possible. The boll 
weevil is still with us. 

There are similar records in relation 
to insects attacking shade and forest 
trees. The gypsy moth, a serious and 
general pest of shade and forest trees in 
the northern United States, was brought 
into this country about 1868 in the hopes 
that a hardy cross with the silkworm 
could be produced and a new industry 
developed. It escaped, multiplied tre- 
mendously and in the early ’90’s the 
state of Massachusetts attempted to ex- 
terminate the insect. This was aban- 





WHY DO INSECTS BECOME PESTS 439 





doned, and federal and state agencies 
joined in control work designed espe 
cially to limit spread It was found that 
although the females do not fly, the 
young caterpillars are taken up by wind 
currents and earried twenty miles or 
more, an explanation for the occurrence 
of disquieting woodland infestations 
The gypsy moth is also spread by the 


L 


transportation of egg masses, which may 


] 


be attached to a considerable variety of 
objects, such as building stone, lumber 
and even freight cars, if they happen to 
be standing near infested trees during 
the egg-laying period. It is seventy years 
since this insect was brought to America 


[t is still a serious pest in localities wh: 
no efforts are made to control it. Fed 
eral and state agencies are cooperating in 


an attempt to hasten biological control 


by the introduction and propagat 
natural enemies. These beneficial forms 
are rendering material service, and it is 
possible that in time this notorious pest 
will become relatively innocuous 
Agencies which aid the spread of in 
sects are of great importance Certain 
beetles, especially the Colorado potato 
beetle and cotton boll weevil, presumably 
have depended to a considerable extent 
upon their powers of flight in view of the 
moderate distances covered from year to 
year. The Mexican bean beetle appears 
to have been aided considerably by wind 
currents, and this is undoubtedly true of 
small moths with a wing spread of less 
than half an inch, such as the apple and 
thorn skeletonizer and the larch case 
bearer, both introduced and both rapidly 
distributed over the country, infestations 
being found in remote wooded areas. It 
is probable that wind currents aided 
materially in the spread of the intro- 
duced larch sawfly, an important tama- 
rack pest of the northern United States 
and also of the more recently introduced 
European spruce sawfly, an insect found 
in widely separated points in New 
England and northern New York in 
1935. It is comparatively easy for in 
sects to be carried long distances by air 
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Our balloon experiments in 
recent years that 
drifts at moderate elevations of thirty- 
five or forty miles an hour are by no 


eurrents. 


have demonstrated 


means uncommon and under certain con- 
ditions there may be considerably higher 
velocities. 

Introduced may 
great importance because of their ability 
This 


insects become of 


to transmit or carry plant diseases. 


is well illustrated in the history of the 
European elm bark beetle, discovered in 
this country in 1909 and at that time 
supposed to be an important factor in 


elms at Cambridge, Massachu- 
It is believed now that the beetles 


were secondary enemies and that their 


killing 


setts. 


abundance was due to the trees being in 
a weakened condition. This 
unable to maintain itself in numbers on 
It has become of great 
importance since the discovery of the 
Dutch elm the northeastern 
states in 1933 and the subsequent finding 
that this beetle is the principal carrier of 
the elm trouble in America. The disease 
produces conditions most favorable to the 
development of the bark beetle, and the 
beetle is the important earrier. It is a 
vicious circle which can be broken by the 
elimination of diseased trees or the de- 
struction of trees or parts of trees pre- 


borer is 
vigorous trees. 


disease in 


senting conditions favorable to the breed- 
ing of the beetle. The marked strides in 
the control of this deadly infection in the 
United States have been due to syste- 
matic and thorough work by federal and 
state agencies toward breaking up this 
deadly combination. 

A word as to the insects which dissemi- 
nate such deadly infections as yellow 
fever, malaria, plague and a number of 
other affections of mankind. 
Both the yellow fever mosquito and the 
malarial mosquito must obtain their re- 
spective infections from an individual 
before they can convey them to another. 
Where there is no human reservoir these 
mosquitoes would be relatively harmless 
and here again we have man-made con- 


serious 
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ditions working to his own harm. It 
true that fleas become infected by plagu: 
from rats, but on the other hand rats a 
associates, though unwelcome, of man 
and there is a definite relation betwee: 
the environment of man and the oce 
rence of plague. 

It is well known that introduced in 
sects are most likely to be much mor 
destructive shortly after they have b 
come well established and less injurious 
thirty to fifty years later. The explana 
tion is that natural enemies which ha 
bitually prey upon related forms dis 
cover the introduced species and in time 
exert eontrol. The 
majority of our native species are so well 


appreciable great 
eontrolled by adverse conditions or nat 
ural enemies of one kind or another that 
The Fed 


various 


they are practically harmless. 
eral Government 
agencies are attempting to hasten na 
ture’s control by searching out and estab 
lishing in this country parasites or other 


and State 


natural enemies which prey upon various 
important pests such as the gypsy moth, 
the Japanese beetle and the European 
corn-borer. Some measure of success has 
been obtained. Ordinarily development 
of biological control requires years of 
work. It is using bugs to control bugs 
It is fascinating and logical in spite of 
serious limitations. The exceedingly 
destructive cottony cushion 
citrus fruits was stopped in the South- 
west and later in other parts of the world 
by the introduction of an efficient Aus- 
tralian lady beetle. This was a lucky 
strike, possibly one in a million. Usually 
progress in this direction must be much 
slower. 

One must conclude that man is but one 
organism in a most complicated biologi- 
eal whole and as such ean not blame his 
troubles entirely on Providence. It is 
possible for him to modify surroundings 
so greatly as to largely control insect 
pests of plants and to eliminate to a con 
siderable extent danger from disease- 
carrying species. 


seale of 
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CONSERVATION OF GAME BIRDS 


By Dr. GRAEME A. CANNING 


THE UNIVERSITY OF TENNESSE! 


No man should be a hunter until he is 
first a naturalist, for he must appreciate 
the problems confronting the game birds 


to maintain their species. Game animals 
should include only those whose flesh is 
palatable and who, by virtue of their 
methods of reproduction, can maintain 
their race. They should be only those 
forms whose natural wariness, speed and 
habits make their capture test the best 
Among this group 
listed wading, 
perching and walking birds. Members 
of these fame species were once very 
plentiful, but this great natural resource 
is gradually diminishing and a few varie- 
ties have even become extinct so that the 
conservation of these native game birds 
has become a pressing national problem. 


man’s abilities. 


have been swimming, 


Through greed and ignorance much of 
the nation’s wealth has been lost, and 
through the inefficient cutting of forest 
lands, native timber areas have been de- 
stroyed. Dust storms have blown away 
fertile top-soil of western plains, and the 
air in these regions remains heavy with 
dust. Floods have carried off rich 
humus, clogging the mouth of streams 
and making them unfit for fish. These 
evidences of man’s thoughtlessness have 
all required national programs to aid in 
the readjustment of nature’s balances 
and as man has tipped the balances of the 
physical world against himself, so also 
is he now blindly destroying the wild bird 
life he professes to love. 

Obviously in order that a species main- 
tain itself, its rate of reproduction must 
equal the rate of destruction. This pro- 
creative rate is effected by: (1) the breed- 
ing areas, (2) the number of matings and 
young hatched during a season, (3) the 
numbers of pairs of birds in a territory, 
(4) and lastly the climatical conditions. 


44] 


The effectiveness of destructive factors 


in the maintenance of game birds are 
dependent upon: (1) natural powers and 
habits of birds which help them escape 
death (2 


they can escape, | 3) 


the presence of cover to which 
the presence of para- 
sites to which they may be subject, (4) 
the prevalence of enemies from which 
they have to escape, such as predatory 
animals and the hunter, and lastly (5 
unfavorable weather such as heavy snows 
which will often extract an appalling toll 
of wild life 


ean control: others he can only modify : 


Some of these factors man 
while some lie beyond his power 

In the bringing about of a greater pro 
duction of birds, man has two means at 
his disposal: (1) the establishment of 
natural breeding areas and (2) the arti 
ficial propagation and raising of birds 
Both 


wherever possible they should be carried 


methods have advantages, and 
out together 

In the selection of breeding areas, par 
ticular attention should be given to natu 
ral foods and to the cover present, essen 
tial in providing location for nests and 
When these two factors are 


suitable, the game will remain in the ter 


for escape 


ritory and increase even when little 
attempt is made to check the number of 
natural predators. Public grounds such 
as parks, forests or game preserves, set 
apart by the state or nation, are ideally 
adapted for this cheapest form of game 
conservation and restocking 

While the above method has the advan- 
tage, much can often be accomplished by 
artificial propagation. This is effective, 


however, only with those forms which 
readily adapt themselves to the presence 
of man and which feed upon grain 
Birds, such as doves, which feed their 


young by regurgitation are not adapted 
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to mass breeding, because of the obvious 
Ducks and 
**semi- 


difficulty of mass feeding. 
best 
natural game farming’’ 
areas are fenced off and all predators 


be raised under 
conditions where 


grouse can 


destroyed so that the young can be turned 
loose early and forced to find their own 
food without the being de- 
stroyed. Under the 
nests can also be located and periodically 
robbed of the eggs, thus forcing the game 
bird to lay additional eggs and taking 
full advantage of their high productivity. 
The eggs removed can be incubated and 


danger of 


these conditions 


the young turned loose early in life. 

Artificial propagation finds its great- 
est use in the handling of birds such as 
quail, turkey and pheasants. Some idea 
of the high efficiency of this method is 
obtained when it is recalled that a pair 
of quail will hatch a covey of 14 or 15 
birds, of which, frequently, only ten or 
twelve reach maturity. Under artificial, 
forced conditions a hen may produce an 
average of 60 to 70 eggs; 74 per cent. of 
these can be hatched and 67 per cent. of 
the chicks of this number raised. 

As the region becomes stocked the num- 
ber of pairs in a territory will increase 
and accelerate the return to the full game 
population suitable to the area. Weather 
conditions should always be carefully 
studied, since they effect the hatch and 
thus determine the number of birds that 
ean be killed during the hunting season 
without depleting the breeding stock. 
Cold, severe winters will reduce the num- 
ber of breeding pairs of the next spring. 
An excessively rainy season will be fol- 
lowed by a hatch, as floods will 
destroy many nests and young birds. On 


poor 


the other hand, excessive dryness will 
prevent the hatching of many eggs, for 
proper humidity is an important factor. 

Control breeding also has the advan- 


tage of permitting matings between de- 
However, much thought 
is the 
for the breeder must 


sirable types. 
must be given to establish what 
‘*desirable type,’’ 
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hold constantly in mind that the gay 

bird’s color, weight and size have bee 
evolved and established through genera 
tions of natural selection operating 

accordance with the impartial law of t! 
survival of the fit. Man should hesitat; 
before he attempts to change any of thes: 
Thoug 
certain forms seem to possess character 
native sto 


factors in the bird’s biology. 


istics more desirable than 
the native 
result of selection in the region to wl 


possesses its features as 
it is endemic. 

Man need not, therefore, bother |} 
self by attempting to increase the birds’ 
powers to escape or to resist parasites 
or inclement weather, for these powers 
they already possess. Man can far better 
apply his efforts in restoring their nat 
ral habitats. Modern farming has re 
moved their natural cover, and the bart 
wire fence has replaced the zigzaggiy 
rail fence behind which upland gan 
formerly found refuge. Modern farming 
methods, with the removal of all natura 
protection, is undoubtedly one of th 
most important factors in the disappear 
ance of game. A quail on the closely c 
field stands out conspicuously against a 
bare sky-line and a widely spaced barb 
wire fence affords it no protection fro 
the predatory bird or mammal. A 
though in many regions the numbers o! 
hawks and native fur-bearing animals 
have been decreased, this reduction has 
been augmented by an increase of the 
house cat and in some regions the fox 
These carnivorous animals are relentless 
hunters, both in and out of season, and 
the cat, at least, multiplies its numbers 
under the protection of man. 

The development of the modern shot 
gun has added a new problem with whic! 
game birds must contend. Yet, n 
hunter wants to see the extinction of an) 
of these forms. To him the whistling of 
the ducks’ wings heralded by their chuck- 
ling or quacking is cherished music. Is 
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here in nature a more beautiful sight 
than a flock of doves swooping with the 


nd and sailing close to the ground, sud- 
lenly rising fifty to a hundred feet, and 
hen tumbling and zigzagging out of 
range of the hunters’ gun? What can be 
more thrilling than watching your favor- 
ite dog, backed by the others, suddenly 
freeze ona point? Once experienced, can 
man forget the tenseness of those minutes 
ust before a whirl of wings sends the 
plump, brown bodies of the quail up and 
way to the protecting thicket at a rate 


of forty miles per hour What man, 


having experienced these, would ever 


) 


wish to eliminate them? They are sounds 
that stir again in him the spirit of con 
quest that has made him what he is 
They cause his whole system to vibrate 
again with the life that cities and under 
handed methods of civilization are tend- 
Through hunting, the 


man and the naturalist gain a new and a 


Ing to destroy 


greater appreciation of the life they love 
Human ignorance is the real destroyer of 
our wild game 


THE DIFFERENTIAL TIME INTERVAL FOR 
REMARRIAGE OF WIDOWERS 


By Dr. RAY H. ABRAMS 


DEPARTMENT OF SOCIOLOGY, UNIVERSITY OF PENNSYLVANIA 


In the event of the death of the wife 
ww long does the average man wait until 
remarries? While there are no sta- 
tistics available on this question, as far 
as the writer knows, nevertheless, for 
certain selected groups, the approximate 
interval between the death of the wife 
and the remarriage of the husband can 
be ascertained. 

In ‘*Who’s Who in America’”’ there is 
enough available data to make possible 
the building up of a fairly accurate pic- 
ture for various selected business and 
professional groups. Every case in the 
above volume, where the date of the death 
f the first wife and the date of the second 
marriage is given, has been included in 
Table I, according to the various occupa- 
tional groups. 

The erude mode and the median show 
that most of the men in these selected 
groups who remarry do not wait very 
long. The average step up to the altar 
about two and one half years after the 
marital partner has died. While there 
are no startling differences between these 
groups, there are a few that select their 
mates in less time than that. 


If the median be used, the clergy, with 
the exception of the scientists, get mar- 
ried more quickly than any of the others 
One half of them are remarried within 
two years. This reflects the social pres- 
sure exerted upon the Protestant clergy- 
man to secure a wife. She is a necessity 
in the manse and in many respects an 
ecclesiastical asset In most of the 
denominations a wife is considered a pre- 
requisite for the minister who is inter- 
ested in establishing himself in the pas- 
torate. 
are not wanted by the churches. 


Bachelors, generally speaking, 
Hence, 
the widowed clergyman has additional 
reasons for remarrying which men in 
most of the other professions do not have 

The scientists in the sample number 71. 
This, as in the case of the engineers, 
searcely constitutes a large enough num 
ber to warrant framing conclusions. But 
if, as the arithmetic mean and the median 
indicate, the scientists do remarry more 
quickly than members of other groups 
how can this phenomenon be explained? 

It is proverbially true that artists and 
writers are more given to love and 
romance than persons in most other voca- 
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TABLE I 
H oF TIME ELAPSING BETWEEN DEATH OF FIRST WIFE AND REMARRIAGE OF WIDOWERS Ac 
ro BUSINESS AND PROFESSIONAL GROUPS BASED ON WHO’S WHO IN AMERICA, 1932-—33.* 


erval (in years) 
Public officials 
Writers and artists 
sgineers 
sicians and 


Lawyers 


Int 
1o0 


ed et BD et 
-~ 


bet BD et 
AAD De 
Pas 


Oncor 


Total cases .. -_ 0: 246 s 4 ) 146 


Averages in Years 
Crude Mode . 3.f e.) ot 2. o.% 2.0 
Median seeenee 2.4 : 
A. Mean ° °° ‘ 5.45 ‘ . 5.05 1.66 


* Since it is not possible to secure the time interval between the death of the first wife : 

remarriage in terms of months it is evident that the use of years is not an exact calculation 

wife died in 1923, for example, and the widower remarried in 1925, the interval is recorded a 

years In reality it may have been nearer three than two or nearer one than two years rt 

variations probably offset each other when there is a sufficiently large number of cases In calcu 

the crude mode the middle of the class interval in which the largest number of cases fell was used 

for the median the value was determined by interpolation into fractions of years There seems | 

no significant correlation between the age of the husband at the time of the death of the spouse and 

amount of time which elapses before a second marriage. 

t Only the first five-year intervals are given here 

tions. The crude mode indicates that a The business men, lawyers, educators 
good proportion of them remarry within public officials and physicians and s 
two years after the death of the first geons seem to be in about the same « 
marital partner. though the business men and the law: 

The statistical averages for the engi- seem to take a little longer than 
neers are probably typical, though, as others. If this is generally true, ther 
mentioned above, the sample (67) is too no apparent reason for it. 
small for the purpose of drawing valid Whether the men who are listed 
conclusions. The crude mode for this ‘‘Who’s Who in America’’ are, in t! 
group is one and one half years. Their remarrying habits, typical of those 
early remarriage is probably explained gaged in their respective oeccupat 
by the fact that traveling around from and professions, may perhaps be 0} 
one location to another, away from to question. But at least they w 
friends and relatives, the natural inclina- seem to be representative of the upper 
tion is to seek another wife shortly after strata in the various vocations that 
the death of the first. listed in this study. 
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: nearly eighty years evolution has 
ne of the basic problems of biology. 
ng this time, however, the problem 

as undergone a most significant 
ve, Darwin and his immediate suc- 
rs had to prove first and foremost 
evolution has actually taken place in 
story of the earth. In this they 
S enally successful: for several dec- 
no informed person has doubted, 
igh some uninformed ones occasion- 
did, that the organisms now living 
descended from very different 
ganisms that lived in the past. 
ited that evolution remains a very 
bable theory, not a fact; there is no 
re reason to doubt the validity of this 
ry than there is, for example, the 
stence, rise and fall of the Roman 


noire 


Our intellectual curiosity is not satis- 
l, however, with knowing merely that 
ition has happened in history. It 
ins to be found out what are the 
hanisms responsible for the evolution- 
transformations of living matter. 
analogy with human history may be 
minating here. Once the fact that 
lizations have risen and fallen in the 


past is established, an historian proceeds 


examine the chain of events that has 
en place in every particular instance, 
th the aim of discovering the underly- 
eauses of the phenomenon itself. 
it is patent that although the his- 
of some civilizations is known in 
detail, nothing but guesses have 
n advanced to explain their fate 
‘ith respect to organic evolution the 
ation is uncomfortably similar. Evo 
n has been, no doubt, going on, and 


least for some groups paleontologists 
able to sketch its actual course. But 
mechanics of evolutionary changes 





THE RAW MATERIALS OF EVOLUTION 


By THEODOSIUS DOBZHANSKY 
INSTITUTE OF TECHNOLOGY; RESEAR 
INSTIT 


445 








WASHINGTON 





TION OF 





4 


has proved so elusive that geneticists, on 
whom the study of this subject has de 
volved, merely begin to see dimly their 
way to the goal. The mechanics, the 
physiological rather than the historical 
aspects of evolution, is what occupies our 


attention now. 


FUNDAMENTAL UNITs oF HEREDITY 
AND EVOLUTION 

An exact study of any natural phe 
nomenon is greatly aided by the intro 
duction of generally agreed upon units 
of measurement. It is no secret that the 
progress of evolutionary studies has been 
hampered by the failure to define such 
units in this field. Since evolution is 
essentially a change in the hereditary 
endowment of the succeeding genera 
tions, the units of heredity are the only 
ones that are likely to prove useful as 
units of evolution. Now, by far the 
greatest achievement of geneties to date 
is the establishment of the fact that the 
hereditary materials transmitted from 


parents to offspring are composed of dis 
crete particles known as genes. Another 
fact of importance is that genes have 


their physical abode in the microscopi 
cellular elements known as chromosomes 
Each chromosome contains not only a 
definite set of genes, but the latter are 
arranged within the chromosome in a 


fixed linear order. The kind of genes an 


organism carries and the manner in 
which they are distributed in the chro 
mosomes determine, together with the 


environment in which the organism de 
velops, all the external and internal 
characteristics. 

In general, genes are remarkably stable 
and are passed from generation to gen 
eration without change. The same sta 
bility must be ascribed to the chromosome 
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the gene arrangement is trans- 


tructure 


mitted from parents to offspring, close 


and remote. The permanence of the gene 
and chromosome structure insures hered 
the antithesis of 


course, 


ity, and is, of 
evolution, which implies a change of thes¢ 
Yet, from 


alteration, 


time to time genes 


constants. 
technically 


undergo 


sudden 
known as mutations. A mutated 
also faithfully reproduces its like and is 


transmitted to the offspring of the mu 


gene 


tant individual as long as another muta 
n the same gene does not take place. 
the 


chromosome 


tion 1 
Similarly, 


arrangement in a 
sudden 


rene 
may undergo 


changes, analogous to gene mutations. 
An altered chromosome is passed to its 
offspring until a new alteration inter- 
rupts this process. 

Gene mutations and chromosomal 
changes are the elementary evolutionary 
steps which have been observed in many 
animals and plants in carefully controlled 
laboratory experiments. As a working 
hypothesis, subject to proof or disproof 
by further studies, we may assume that 
genic and chromosomal changes are the 
fundamental units also of the evolution- 
Is it pos- 


brought 


ary process enacted in nature. 
that 
about the entire variety of living organ- 


sible such changes have 


ism which exists on the earth? 


**NaTuRAL’’ MUTATIONS 
In well-studied organisms, particularly 
in the vinegar fly Drosophila, hundreds 
mutations have 
laboratories. 


even thousands of 
observed to 


(or, perhaps, a better word 


and 
been 
The general 


oeceur in 


character- 
mutation are now 
Mutations affect all 
sorts of In the Drosophila 
flies mutations differ from normal or wild 
their the 
coloration of the eyes or the body, size 


here would be ‘‘superficial’’ 


ist] ‘Ss of the process 
rather well known. 
characters. 


representatives of species in 


and shape of the wings, bristles, eyes, 


legs, in the structure of various internal 
organs, in physiological characteristics 
such as reactions of the fly to light and 
gravity. Important organs may be dras- 


tically modified or altogether absent in 
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mutants; thus, mutants are know: 
ing no eyes, having reduplicated legs 
instead of one pair of wings, ¢} 
mouth ant 
Mutations termed 


fly at various stages 


sexual parts, organs, 
and the like. 
destroy the 
development, from early embry 
the adult stage, or produce path 
changes resembling tumors in one 
If no art 
means to reduce them, such as x-rays 
whole 


other part of the body. 


used, mutations are on the 
Mutation rates in most individual 
are probably than of the 
1: 10,000 Most n 
tions are recessive to the normal or 


less 
per generation. 
inal condition, that is to say a fly 
ing the mutated gene in one chrom 
and its normal counterpart in the 
chromosome is normal in appearar 
(every fly carries, of course, two chr 


Finally, mutat 


somes of each kind). 
usually show various degrees of th: 
duction of the viability compared t 
normal or wild fly and could hardly 
pete with the latter outdoors. 

It is especially the last of the al 
properties of mutations that has caus 
a number of eminent biologists to d 
not only that mutations could poss 
play a constructive réle in evolution 
that they occur at all in the natural st 
Indeed, if instead of 
Drosophila flies coming from laborat 


investigating 


culture bottles we examine a samp 
flies caught wild, an impression of s 
prising uniformity is likely to be gait 
To be sure, some mutations can occa 
ally be discovered among wild flies 
their frequency is, by and large, : 
gible. 


io the Ri 


(Chetverik 


A lasting credit is due 
geneticist, Tschetwerikof 
who has demonstrated that the ostens 
uniformity of wild populations of D 
sophila is merely a deceiving appeara 
Since most of the mutations are recess 
a fly carrying one mutated and one 
mal gene is not distinguishable from 1 
mal. It that an 
wild flies is quite insufficient to det 
mutations that may be present in them 


follows inspection 
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order to bring mutations to the sur-_ red eye color to an 
e, a special genetic technique must be one, others cause spoo 
ed to obtain flies carrying a given wings, polished bod 
mosome twice instead of once. of these mutat 
etverikov and his co-workers have tical with types 
l the offspring of 239 wild Drosoph- viously in laboratories: 
melanogaster flies collected in a cer- ones. However, unexpected); 
locality in Caucasus, and found that frequency of these mutations may 
than a half of them carried one or to us, it is far exceeded by th 
‘e mutations in their hereditary mate- of mutations that produce 1 
change in the structures of tl 
but that cause instead a change 
MuTATIONS IN WILD POPULATIONS viability of the insect. 
OF DROSOPHILA PSEUDOOBSCURA No less than 11 per cent 
The results of Chetverikov’s work have chromosomes proved 
en confirmed and extended by several lethal mutation As 
nvestigators, among whom Dubinin in lethal is a gene that causes 
tussia and Sturtevant in America must individual in which it is present in 
be mentioned most prominently. In ecol- dose. Lethals are known to be on 
iboration with Miss M. Queal, the most frequent types among the 
esent writer has secured similar data’ tory mutations, but one is 
wild populations of Drosophila prepared to see the wild p 


pseudoobscura inhabiting certain moun-_ replete with these death-dealin 
tain ranges in California and Nevada. tary changes. Between 3 and 4 per 


Samples of the fly population were taken of the wild chromosomes are 
in eleven separate localities, the flies with semi-lethals, which reduce 
brought to the laboratory, and certain bility of their carriers more or 
crosses arranged as a result of which in- tically, but still permit some 


} 


dividuals carrying the same wild chromo-_ to survive. Finally, very 
some twice are produced. The character- wild chrom 
istics of such individuals are then produce slig 

mpared with those of normal wild flies. terioratior 
Only one chromosome has been studied how large 

these experiments, although the fly mosomes 
species in question possesses five pairs of mine, but 

mosomes, eent. A min 

‘he flies collected outdoors were in 10 per cé 

ery respect ‘‘normal’’ or ‘‘typical’’ free fr 
representatives of their species. They and a 
re quite uniform in appearance, al- carry ge 
ugh some of them were, of course, under the ¢ 
arger or more robust than others. This ments have 


variability is not inherited, being due to Aside from the genes ] 
influence of the external conditions external effect 
which the fly larvae develop (mainly themselves 
abundance or a scarcity of the food bility of th 
ipply). Yet, despite the external uni- possess a wealt 
rmity, between 3 and 4 per cent. of the kinds. Among 
wild chromosomes proved to carry muta- the development 
ions provoking more or less striking be very common 
visible changes in the structure of the tions occur, the 
flies. Some mutants change the.normal countered 
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studied proved to be essentially similar; 
all populations are infected with mutants 
to about the same extent. The situation 
found in our samples of the natural popu- 
lations of the fly appears to be not an 


accident or an exceptional occurrence, 


but a typical state of affairs in a species 
propagating itself by cross-fertilization. 
It is justifiable to conclude that mutations 
are so frequent in nature that not only 
but every 
more mutant 
The reason why this fact has been 


every individual probably 
chromosome earries one or 
genes. 
however, sim- 


overlooked for so long is, 


ple enough: mutations are concealed in 
the hereditary materials of the organism 
due to a majority of them being reces- 


sive. 


CHROMOSOMAL CHANGES IN NATURAL 
POPULATIONS 

The time is not so remote when chro- 
mosomal alterations, especially the varia- 
tions in the the 
chromosomes, were considered rare phe- 
nomena. About ten years ago Muller did 
a creat service to biology by showing that 


gene arrangement in 


chromosomal alterations can be induced 
artificially by x-rays treatment. Now we 
are in possession of data that show that 
these once genetic oddities are not at all 
rare in wild populations. An example 
dealing with the already mentioned fly, 
Drosophila pseudoobscura, will suffice. 
Strains of this fly were secured from 
its geographic range, 
from British Columbia to 
Mexico and from the Pacific to Texas. 
One of its chromosomes, namely the 
Y-chromosome, proved to be variable in 
size and in shape; seven different types 
have been distinguished, each type being 
restricted to a definite part of the specific 
distribution area. Sturtevant and the 
writer have detected strue- 
tural types in the third chromosome of 
the same fly, five in the second, two in 
the fourth, and four in the X-chromo- 
Again, each type of chromosome 


various parts of 


extending 


seventeen 


some. 
structure is present only in flies inhabit- 
ing a certain region, although in many 
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localities several types are mixed ir 
same population 


THe Viapiuity PARADOX 

It is clear from the foregoing discus 
sion that an enormous supply of ger 
variability, both in the gene and in 
chromosome structure, is present i 
ural populations. This 
comparable to that which is know 


arise in carefully controlled experim 


variability 


in genetic laboratories, and it is also sin 
lar in kind to the structural elements 
which the between 

races and species can be resolved. \ 


differences natu 
a theory that would endeavor to assig 
equality to these three phenomena is 
fronted with an obstacle that may see 
well-nigh insuperable. Indeed, most n 
tations obtained in the laboratory 
found in wild populations are deleter 
to the organism. In fact, many of tl) 
are lethal. It would seem, then, that 
presence of mutations in nat 
presages an eventual catastrophe to 
organism rather than a progressive e\ 
lution. It is no idle phrase to say t 
the situation is an extremely challenging 


such 


one. 
attempt is made, however, to indicate o1 
of the possible escapes from the apparent 
impasse. 

The viability effects produced by a 
mutation or a chromosomal chang 
not a fixed or unchangeable quant 
On occasion the viability effects of a gen 
may be changed in the presence of ot 
genes. Two mutations taken separat 
may produce decreases of the viability 
but a combination of the same mutations 
may display any viability, from a ver 
low one to normal. Moreover, a mutat 
which in a certain environment is dé 


In the following paragraphs 


terious may prove to be favorable in ot! 
environments. No better example of this 
situation can be demanded than that f 
nished by Banta and Wood: a mutati 
in a species of water fleas does not surv 
at a temperature that is optimal for t 
ancestral type, but the same mutant is 
viable at a higher temperature which is 





ed in the 


Xx 
iz discus 
f genet 
nd in th 
it in nat 
bility 
cnown 
eriments 
also sim 
ents int 
natural 
od. Yet 
tO assign 
1a 1S COn- 
lay seem 
nost mu 
ory and 
leteri: 
of them 
that t 
natur 
e to the 
sive ey 
say that 
llenging 
iphs an 
cate one 
pparent 


d by a 
nge are 
nantity 
P a gene 
f other 
yarately 
ability, 


tations 
a very 
utation 
is del 
n other 
of this 


at fur- 
utation 
survive 
for the 
tant is 
hich is 
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suitable for the latter. Unless the 
nerties of the genetic and the secular 
ronments in which the viability 
ts of a given mutant are studied are 
wn in detail, the results of the studies 
All that we really know 
it mutations encountered in wild 
pulations of Drosophila is that in the 
ronment in which the flies have been 
in our experiments a large majority 


ambiguous. 


* the mutations are deleterious. There 
s no basis for the assertion that these 
mutations will be deleterious in every 


} 


} 
SSIDILEC 


This 


n, of course, that an environment may 


environment. does not 

found in which every mutation will be 
favorable; one simply must refrain from 
making conclusions too fast. 


ADAPTATION 

It is axiomatic that the life of an indi- 
lual or a species can endure only so 

ng as a certain equilibrium between the 
rganism and its environment is main- 
tained. It is not axiomatic, but never- 

eless true, that for most organisms the 
equilibrium is precariously unstable. 
(ne may be tempted to speculate that in 
in eternally constant environment all the 
survivors may become so ideally adjusted 
hat the best of all possible worlds could 
emerge. This inference may 
justly be doubted, and in any case the 
question has no more than an academic 
interest, for in reality the environment is 
not constant, neither on the geological 
nor on the everyday seale. The organism 
must, therefore, either change itself in 

nformity with the demands of the new 
environments, or face extinction. 

On the individual level the adaption 
is accomplished, within limits, with the 
aid of various physiological regulatory 
mechanisms. On the species level adap- 
involves a change in the genetic 
makeup, a succession of mutations, evolu- 

n. The crucial question is whether or 
not the living organisms can react pur- 
posefully to the demands of the environ- 
ment, by producing those, and only those, 
mutations that are desirable in a given 


at last 


+ 
L10n 
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set of conditions. The whole sum of our 
knowledge argues in favor of a negative 
answer to the above question To all 


mutations are random 
Natural 


mutations 


appearances, 


changes of the gene structure 


selection can pick out those 


that are useful at a given time, but i 


can not prevent the concomitant origin 


of neutral and harmful ones 
t\ he 


A genetically uniform 


species m 
in an advantageous position in a stat 
environment, provided it has become 
adapted to it. But 


be threatened as soon as the environment 


1} 


such a species wil 


changes, for it will be then devoid of the 
materials from which adaptations can be 
built. 
some 


Conversely, a speci S 


possessing 
genes that are deleterious in the 
present environment but advantageous in 
others may be better off in the long run 
th 


nese 


Here it must be kept in mind that 


deleterious manifest themselves 


genes 


only seldom, when individuals having 


them in double dose are produced. Even 
if a majority of mutations are not useful 
in any circumstances, it may be desirable 
for a species to withstand their presence 
for the sake of a minority that may save 
its existence eventually 
Adaptation is not given to the 


must 


organ- 
be purchased 


at a price, and the price is from our hu 


ism as a gift It 


man standpoint, a revoitingly high one 


However seldom the deleterious genes 


present in the species populations may 


manifest themselves, still some individ- 
uals in every generation succumb to their 
action. Paradoxically enough, it is the 
loss of these individuals that guards the 


The 


general picture of the mechanism of evo 


species as a whole from extinction 


lution thus arrived at will certainly be 
far from pleasing to those who regard 
nature as an embodiment of kindness 
The writer must confess that this picture 
is not pleasing to him either. The words 
**good’’ and ‘‘bad’”’ 


however, in the scientific lexicon 


are not to be found, 
In this 
lie simultaneously the greatest strength 
and the greatest weakness of science 





HAHNEMANN AS A CHEMIST 


By Dr. ISRAEL S. KLEINER 


PROFESSOR OF BIOCHEMISTRY, N 


‘*T po not know whether I am mistaken, 
but it that one can more 
truths, important to Humanity, from 
Chemistry than from any other Science.’’ 

Thus Samuel Hahnemann, de- 
stined in 


seems obtain 


wrote 
to be 
other 


one of 
They 
were the opening words in an article’ de- 
scribing his test for lead and iron in wine, 
and testified to his opinion of ‘‘this divine 
liese géttliche Kunst Aithough 
Hahnemann was a 


a leading figure 


sciences—medicine. 


these 


art’’ (« 


time (1788 


at that 
practising physician, he probably was 
The greater 
part of his small income during his early 


more active as a chemist 


manhood was derived from his chemical 
activities. This phase of his life is men- 
tioned by all his biographers, but how 
excellent a chemist he really was has gen- 
erally not been appreciated 

It been that 
Hahnemann no in 
chemistry, 1.e., that he was self-taught as 
regards this ‘*In fact,’’ 
Hobhouse,’ ‘‘the course of medical train- 
ing prescribed at the university did not at 
that time include these subjects (chemis- 


has usually assumed 


received schooling 


se1lence. Says 


try and microscopy): even so famous a 
university as the one at Heidelberg did 
not introduce microscopy and chemistry 
in the syllabus of their medical students 
until 1845.”’ It is difficult 
any with no training could master 
even the simple chemistry of that day so 
well that he could accomplish the impor- 
tant which Hahnemann soon did. 

However, such an assumption is no 
has shown 


to see how 


one 


work 
longer necessary. Tischner* 
ie] Hahn m 
, I: 291 
2 Rosa Waugh Hobhouse, ‘‘ Life of Christian 
Hom 


1 Sam inn, Chemische Annalen 


(Cr $s) 305, 1788. 


Samuel Hahnemann, Founder of eopathy,’’ 


London, 1933. 
3 Rudolph 

translated 
Homeopathy, 27: 


oo 


34, 225 


7, 


of Home 
Boyd, Jour. 


oO 


le 


‘* History 
d. 


548, 62: 


Tischner, 


opathy,’ by Linn 
Am, I? 
1934. 


1935. 


> "oO 
st. Ole, 5, 


oe 


28: 288, 358, 602, 684, 749, 


W YORK MEDI‘ 


experimental course in chemistry. 


AL COLLEGE AND FLOWER HOSPITAL 


( 


that Johann Gottfried Leonhard 

tured in chemistry at the University 
Leipzig while Hahnemann was a stud 
there and in the winter of 1776 gave 
S 
Hahnemann twice refers to Leonhard 
his teacher, it must be inferred that 
studied chemistry under that instruct 
He took medical courses at Leipzig f1 
1775 to 1777 and in the 
Leopoldstadt, near Vienna,in 1777. D 
ing this time he must have acquired } 
basic knowledge of chemistry. He 

tained the degree of doctor of medi 

at Erlangen in 1779, but his chemical a 


hospita 


tivities continued, during his strugg 
to become established as a physician, 
til about 1789. 

In evaluating contributions, 
must take the 
of chemical knewledge and philoso) 


his 


( 


et 


into consideration 
of his time. The last quarter of the « 
teenth century covers the period of t 
Chemical 
completely 


Revolution, which eventua 
the 


is 


upset current views 
chemistry. It doubtful whet! 
Hahnemann realized the extent of 
change in chemical thought, althoug! 
familiar with the wr 


+ 


must have been 
ings of Lavoisier, Priestley and others 
he was an accomplished linguist and 
indefatigable reader. Very few ch¢ 
ists were able to understand how great 
change in chemical theory was tak 


place, how beautifully the new hypotheses 


would explain known phenomena and | 
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rapidiy chemistry would develop as 
Even Priest 
ley and Cavendish, who contributed 


result of Lavoisier’s work. 


much to the new chemistry, interpret 
their findings in terms of the old, ref 
ing to abandon the phlogiston theory 
Although the phlogiston theory had its 
origins much earlier, it was develop: 
and enunciated most clearly by Sta! 
toward the end of the seventeenth cen 





HAHNEMANN AS A CHEMIST 


y. According to this theory all com- 

istible substances contain one constitu- 

t which escapes during combustion. It 

s easy to see how the early chemists came 

ive this conception. When a piece 

rdi lee f wood burns, the flames appear to come 
of it and the residue is distorted by 
s violent emergence. Naturally they 
luded that something had left the 
The alchemists first called this 
hardi a ‘“‘sulfur’’—Becher termed it ‘‘terra pin- 
that he while Stahl named it ‘‘phlogis- 
tructor 


ig fron 


Tsity of 


Some substances burn more com- 
pletely than others; this was explained 
by saving that they have more phlogiston 
Phosphorus burns to 


ital 

}. Dur. eir make-up. 
ired his which, when 
He ob Therefore, they argued, 
ledicins .} sphorus is a compound of phlogiston 
ical ac phosphoric acid. If a metal is 
ruggles .an ash (which we eall an oxide) 
an, ul 


ite ash, dissolved in 


* is acidic. 


hence the metal consists of this 
and phlogiston. Now, when this calx 
is heated with carbon, the ear- 
thought to be rich in phlogiston) 
transfers its phlogiston to the metallic 
ash and the metal (ash plus phlogiston) 
reconstituted. Of 

t the metallic oxide has been reduced 


P State hon 
osophy 
é lg! 
of thé 
itually 
ws of 
hether the 
f this ny Ss 
uh he There were several difficulties involved 
\ writ The first 
was that no one had ever isolated phlogis- 
Another 
that 
tals are burned, the ash weighs mors 
the metal. If it 
riston, it should weigh less. 


course, we now see 
the metallic form by heating with ear- 


earbon being oxidized in the 


accepting this hypothesis. 
ers, as 
nd an n, 
chen ind 
reat a 


even in an impure form. 


more serious one—was when 


faking original loses 


thes S 
d hy \ 


These 


and others—were shown very 
1794). This 
ntist in a series of remarkable experi- 
combustion demonstrated the 


cy of the phlogiston hypothesis very 


y by Lavoisier (1743- 


iS on 


antly and in 1777 enunciated his 
theory of combustion, which he later 
adened to include combustion in the 
mal body. 
those held to-day. It 


Lavoisier’s views are @s- 


tially took a 
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number of years, however, before they 


were accepted even by his contemporaries 


in France Since Hahnemann was a 


master of French it is probable that he 
was among the first in Germany to study 


Haehl* says, ‘‘ Hahne 


Dresden, 


Lavoisier’s work 
mann became acquainted, in 
with the famous French chemist, Lavoi 
sier, who was at the time passing through 
If this occurred Haeh! 


+ 


Dresden iy and 
ent l 
1789, 


expressions 


gives no authority for his staten 


must have been between 1785 and 
1788 he the 


and ‘‘dephlogistier 


and in used 
**nhlogisti rter’’ 
ter.’’ 
It is probable that Hahnema: 
chemical studies were entirely from books 
although he 
demonstrations by Leonhardi 


Sa Ww 


lab ratory 


possibly 
His first 
real contact with a laboratory was made 
in 1781 when he moved to Dessau This 
district in the 


was not far from a mining 


Harz Mountains and when he began to 


study metallurgy he naturally required 
facilities for this work 


} 


some laboratory 
These were found in the local pharmacy 
of Herr Haseler, 
proved an added inducement to \ 
He fell in love with her and later 
married her. It must | 
timate relationship with tl 


whose step-da ] 


isit the 


rhtar 


shop. 
ave b 
and the use of his 
enabled Hahnen 


knowledge of drugs, 


ann 


adulteration and the 
the 


those ad 


pharmacist 

7 
iVS were alt 
Of course. there wer 
chemistry in the 
indepen lent savan 


some alchemists 


‘ Ricl 
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chemical manufacturing. But the names hydrochloric acid present. ‘‘Su 
pharmacist and chemist were almost pure nitric acid must indeed have 


synonymous and even to-day this is the as aqua regia, and it is theref 


case in many parts of Europe. Hahne- astonishing that that excellent ¢ 
mann remained at Dessau only a short Struve, observed a deposit of gol 
time and then moved to Gommern. This a ‘solution of silver.’ (Hahnemar 
town was not very far away, so that he this idea ‘an alchemistic fancy.’ 
still could use Haseler’s facilities, as well parenthesized remark is interest 
as those of the pharmacist in his new intimating where Hahnemann st 
location. The new situation, although the subject of alchemy, in a day 
yielding a better salary than the former, alchemy was not completely diser 
gave him little clinical work, and conse- Other interesting misconceptions 
quently he had more time for chemical that the older potash becomes th: 
study and investigation potassium sulfate it contains, that 

These studies directed his attention to sugar consists of one part chalk ar 
a book by Demachy on the wholesale of saccharie acid, and that cim 
manufacture of chemicals. This was a (mercuric sulfide) owes its red ¢ 
work of great importance because it de- the fatty acid which it has derived 
scribed methods which had been kept fire. Since this was published in 
secret by manufacturers, particularly the it is not strange that his dise 
Dutch. Hence Demachy’s book had been’ should include references to phlogist 
welcomed by the French and by those of It was not until several years later 
other countries who read that language. Lavoisier’s conclusions were gene! 
Hahnemann now translated it into Ger- accepted 
man, and, because of his familiarity with In spite of these errors, the wor! 
pharmaceutical chemistry and his inde- extremely valuable, and many of 
fatigable reading of the literature, he was’ errors of the original were correct: 
enabled to enlarge and improve it. After the translator. Several new tests 
he had finished translating this work, but added by Hahnemann. The test 
before publication, another translation, hydrochloric acid at that time was 
by Struve of Berne, appeared. This also nar caustic’’ (silver nitrate) alone 
had some new material. Consequently, might precipitate sulfuric as wel 
Hahnemann ineluded Struve’s comments hydrochloric acid unless a consider 
and published the enlarged work. He degree of dilution was used. H 
supplied missing references to the litera- mann used a solution of silver su 
ture—in fact, he frequently cited anum- which of course would not precipi! 
ber of additional authorities whom sulfuric acid. He also proposed a 1 
Demachy and Struve had overlooked test for sulfurie acid (lead chloride 
and amplified with details, as, for exam- described Scheele’s new baryta rea 
ple, the history of a discovery, the chemi- for the same acid. This book was 
eal reactions involved and various manu- well received and, indeed, was star 
facturing details which had escaped for several years. A new edition 
Demachy. issued in 1801. 

It is not surprising that many errone- A number of papers by Hahnen 
ous ideas were presented. For example, appeared from time to time in the 
the purity of nitric acid was estimated nal, Chemische Annalen fiir die Fre 
by the amount of white precipitate pro- der Naturlehre, Arzneygelahrkeit, H 
dueed when a silver solution was added 6 Wilhelm Ameke, ‘‘ History of Homeopat 
to it. This, of eourse, was caused by translated by A. E. Drysdale, London, 188 
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ltungskunst und Manufacturen, which 

lited by Lorenz Crell. Some of 

were ‘‘preliminaries’’ to parts of 
s books or omissions from them or 
ifications of procedures previously 
ribed. They abound in detailed de- 
ptions of technique, resembling very 
sely the directions for preparing 
eopathie medicines which he later 
For example, in his work, 


1 } 
iblished. 


‘On the influence of different gases on 


mentation of wines,’ he explained 
w he introduced the wine (eight-year 
| Meissner) and the gases into flasks, 
amounts of each used, the method of 
rmetically sealing them, and the tem 


ratures at which they were kept for 


two months. They were shaken ‘‘thrice 


ly with thirty strokes up and down,”’ 


and he assures us that all were agitated 


about the same degree. His experi- 
ments always were carefully performed 
| meticulously described. 

A monograph on arsenical poisoning 
was published by Hahnemann in 1786. 
In it he gave the determination of the 
lethal dose, pathological effects as well as 
the best methods of analyzing for arsenic. 
He suggested several tests for arsenic, 
some of which are still recognized, e.q., 
the use of an ammonium cupric salt 
Hahnemann used the chloride) to pre- 
cipitate the bright green cupric arsenite 

a reaction which he found to be positive 
at a dilution of 1 in 5,000.) He also 
recognized the necessity of an acidic re- 
action in the precipitation of arsenical 
compounds by means of hydrogen sulfide 
and thus demonstrated the reason why 
thers had found this reaction indefinite. 
This apparently minor point of acidifica- 
tion in certain qualitative tests is exceed- 
ngly important. 

A little later he translated, and, as was 
his habit, improved and enlarged J. B. 
Van den Sande’s ‘‘La falsification des 
medicaments devoilee.’’ This handbook 
on the adulteration of drugs contained 
much useful information, including met) 
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ods of testing for adulterants, solubilities 
: 


of various metallic salts and the relations 


of the specifie gravities of acids to thei 
concentrations It was in this volume 
that his celebrated ‘‘wine test’’ was di 
scribed. This was really a test for lead 


as distinguished from other heavy metals 
It is stated that simultaneously and inde 
pendently Fourcroy made and published 


the same test in France. Lead was often 
added to wine in those days, probably 
for the preservative effect, and lead poi 
soning resulted frequently from its ust 
It was necessary, therefore, to test wine 
for lead in court cases resulting from 
poisoning and in suspected wines. The 
current test was t ld ‘‘arsenical hepar 
sulphuris’’ to the wine. This reagent 
was prepared by boiling two parts of 
arsenious sulfide with four parts of wm 
slaked lime in twelve parts wate! 
This reagent when added to wine contail 
ing lead salts would produce a dark 
cipitate of lead sulfide However, other 
metals would yield a similar result. For 
example, any iron present s might re 
sult from the presence of pieces ron 
chain or iron screw heads in the casl 
would give a positive reaction. It some 


times happened that innocent dealers 
were convicted on the strength of this 
test Hahnemann, realizing the inadé 
quacy of the test, determined to attempt 
to evolve a better one After careful 


study, he came to the conclusion that a 
satisfactory method was to add hydrogen 
sulfide water (‘‘Leberluftwasser’’ and 
then acidify 


Lead sulfide, a black precipitate, forms 
under these conditions, but iron sulfide is 
soluble in the acid. Again the impor 
tance of optimum hydroge) ion con 
centration! It is not a specific test for 


lead, but the metals which give positive 
reactions either would 1 
be in wine, ¢.g., silver, copper, mercury, 
arsenic, ete 

Hahnemann ’s directions for preparing 


c 


the reagent were as follows First 
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‘‘hepar sulphuris ecaleareum’”’ is 
J | 


pared by heating at white heat for twelve 


pre- 


minutes equal parts of oyster shells and 
sulfur. The whitish gray powder, the 
essential ingredient of which is calcium 
sulfide, may be kept unaltered for years. 
this are placed in a 


Two drachms of 


bottle, a pound of water added and ten 
drops of muriatie acid for every ounce. 
The strength of stated, but 
presumably the strongest then available 
used if is added to 
wine, a black precipitate indicates a con- 


acid is not 


was this reagent 


siderable amount of lead, a brown to 
brownish-yellow discoloration points to 
In the presence of acid 
Although the first 


deseription called for muriatie acid, later 


smal! quantities. 
iron does not react. 
cream of tartar was used and still later 
Hahnemann called attention to the fact 
that his technique must be followed ex- 
result. In 
sure of the acid reaction he 


actly or else failure might 
order to be 
then described his 
which consisted of tar- 
(‘* Kalk- 


acid is 


new ‘‘Liquor proba- 
torius fortior,’’ 
calcium sulfide 
schwefelleber’’ To-day the 
added directly to the suspected fluid and 
hydrogen sulfide gas is bubbled in—but 
In Hah- 
nemann’s hands, the test was positive up 
to a dilution of 1: 30,000 

A quantitatwe method for lead was 


tarie acid and 


the same principle is involved. 


in which the metal was 
After filter- 
ing and drying, this was weighed and due 


soon worked out 


precipitated as the sulfate. 


allowance was made for the solubility of 
this salt. 

It is thus seen that Hahnemann was an 
not a 
the 
He was in- 


excellent chemical investigator, 


mere analyst following § slavishly 


methods he found in vogue 
genious in improving apparatus and de- 
vising new appliances. He was careful 
and exact in his quantitative measure 


Hahnemann, misch 


innalen 


7 Samuel 


(Crell’s), I: 104-111, 
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ments. He had an almost uncanny po 
of sensing how a reaction would proce 
foundat 


rested in 


When one realizes the flimsy 


upon which chemistry 


days, Hahnemann’s accomplishments 
have been mentioned 
must be termed remarkable. It has beer 
asserted that Hahnemann was really 
This 
pronouncement that 
medicinal brought into 
tency 1 (one-millionth) by trituration 
and al 
The proced ire, he asserted, w 


which but a part 


founder of colloid chemistry. 
the 


substances 


based on 
r 
powder are soluble in water 
—°" 
unknown to chemistry 
covery which | 
for the first 
he was probably the first to produce sus 


éé 


and was ‘‘a d 
announce to the w 
time.’’ It is evident 
pensoids by his process of repeated trit 
ration and dilution, but since he did r 
study their nature and properties phys 
ico-chemically, we can hardly dislodg 
In fa 


prepar i 


Graham in favor of Hahnemann.® 
that 
tions were made for medicinal purposes 


we must remember these 
long after Hahnemann’s chemical caree 
had ended. 

It is idle to speculate upon his probat 
place in chemistry if he had continued i 
With such contemporaries 


> 


this science 
as Lavoisier, Priestley and Cavendish } 
would have had competition which might 


have stimulated him to extraordinary 
activity or might have overshadowed hi 
completely In medicine his place 
importance is ben 
That he was 


not only a medical pathfinder but a g 


unique and his 


recognized more and more 

chemist—perhaps a potentially great or 
adds another 

tile scientists, such as Abbé Snvallanzar 


name to the list of versa 


> 


Lavoisier, Benjamin Franklin and Pas 
teur 
S’Samuel Hal 
heiten,’’ 1828, 
( footnote . i > 
»Linn J. Boyd, ‘‘A Study 
Medicine,’’ Philade phia, 1936, 
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THE FINANCIAL SUPPORT OF 
RESEARCH 
Research is the lubricant that makes 
wheels of civilization turn faster 


Without it, industry and agriculture 
iid not accelerate but would slow 
wn and perhaps even stop all together. 

[he financial support of research is 


refore important. It is a matter of 
more than idle curiosity as to how many 
ars are being spent for research, dol- 
irs plowed back into our workaday 
world to produce more scientific divi- 
lends in dollars and better living 
In good round figures, somewhat over 
1 cent is spent for research out of each 
lar grossed by U. S. manufacturing 
and agriculture, according to figures col- 
ted from a score of sources. Industry 
spends more than agriculture, 1.7 per 
nt. (some $250,000,000) out of the 
$14,690,000,000 gross manufacturing in- 
me of 1936. Agricultural research, al- 
most wholly by state and federal institu- 


ns, used 0.37 per cent. or some $35,- 
600,000 of the estimated $9,530,000,000 
eash farm income and value of home 
nsumed farm products combined. 
In terms of population, the total for 
search expenditures in these two great 
ls is only a couple of dollars per per- 
nin the U.S. 
When such compilations are made, the 
lestion arises as to what to include in 
figures for research. The historian 
s looking into some problem can 


rightly say he is engaged in research 
But the figures quoted are largely for 
uiries and developments in the physi 
and natural sciences, the fields in 

! Watson Davis, director, Frank Thone, Robert 
D. Potter, Jane Stafford, Emily C. Davis and 
Marjorie Van de Water, staff writ rs. 
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which chemists, 


phys CISLS, engineers, 
*. work. 


biologists. ete 


Chemical concerns practice research to 
| 


a larger extent than the average. Here 
are some reports: 2.3 per cent. of net 
sales; 2.4 per cent. of gross sales; 5 per 
cent. of net sales; 7 per cent. of net 
sales, ete 

Medicine and health fields see consid 


erable expenditures for research, t! 


sults of which are mostly measured in 
better health and less human suffering 
Re > “ah ‘ scrnineen ly | : 
vesearcn pays magnificentiy, often 
] | 


thousands of per cent. in dollars and 
more in gains to eivilizatio 


THE STROBOSCOPIC CAMERA 


Ranking with the microscope and the 
| 


telescope as a scientific aid to human 
eyes is the high speed stroboscopic cam 
era that has reached a peak of develop 


ment at the Massachusetts Institute of 
Technol gv 

Our eyes can not see tl : at are 
moving with great rapidity If we 


‘*freeze’’ a hundred thousandth of a see 


ond of some speedy motion by uminat 
ing it with a spark of sue xtremely 
short duration, the scene w ppeal 
motionless It in be 1 l a 
phot cry p! S That W i I il I 
a lor I me than that I hort 
interval 

That is what is dor I P) SSOI 
Har 1 E. Edgerto1 nd Ss tes 
K. J. Germes] sen a H. E.G r in 
laboratories on the Camb Mass 
campus | y in cat I t " hg 
out of a rifle’s muz lanverous 
shive! igh speed ma s 1 other 
hap s that better t proverbial 
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speedy stroboscopic photography prom- 
be extremely 


Professor Edgerton 


ises to 


useful practically. 
has a unique ultra 
motion picture camera that can speed up 


Linked 


spark-flashing strobo- 


to 6.000 exposures per second 
to the 


scope, 


brilliant 
this 
controlled speeds that precise 


camera runs at such closely 
measure- 
ments of accelerations, velocity and other 
factors can be made on the film. 

The 


‘seeing 


‘studio’’ for 
the 
roomful of electrical apparatus, mostly 


photographically 


‘ 


unseen,’’ contains a whole 
concerned with producing suddenly re- 


leased high voltages that produce the 
photographie sparks. 

The stroboscopic camera is eminently 
suitable for clocking projectiles, whirling 
propellors and other me- 
but 


using it to study the action of high speed 


engines and 


chanical devices, even medicine is 


microorganisms. 


WARM WALLS AS A METHOD OF 
HOUSE HEATING 
It was Mark that 
every one talks about the weather but no 
Each year, 
however, science and engineering make 


Twain who said 


one does anything about it. 


the famous humorist’s quip slightly less 
applicable. 

Weather, of course. is only another 
name for man’s atmospheric environ- 
At least that aspect of weather is 
the human 


ment. 


one of most important to 
welfare. 

As Professor Earle B. Phelps, of the 
College of Physicians and Surgeons, Co- 
lumbia By 


means of clothing, umbrellas, shut-in cars 


é 


University, recently said, 


and other sheltering devices we do main- 
tain, even in our travels, a sort of per- 
sonal weather environment and, when we 
confine the weather within walls, we do 
with it as we will.’’ 

Health and comfort, Professor Phelps 
goes on to add, demands a balance among 
the various manners of heat loss of the 
body in addition to an over-all balance 
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between production and total loss. 
arctic explorer, in his furs, and a sw 
mer in the surf of Atlantic City 
both be disposing of the same number 
calories per hour, but one would hard 
the two environments as eq 
lent,’’ he declared. 
at the moment, be equally comfortal 

Indoors it 
that air temperature, humidity and n 
ment are all factors in determining 
fort. 
there is a fourth factor, the temperat 
of the walls of the room. It has | 
shown that radiation from the body 
the walls may account for nearly half t 
body’s total loss of heat. It has bee 
these findings that home heating of 
future has often been predicted as « 
sisting of heated walls. 


class 


Yet each man n 


has long been recom 


But also it is now recognized t 


STATIC ELECTRICITY IN THE 
SEPARATION OF ORES 
Every small boy who has ever rubbed 
piece of sealing wax with cat’s fur a 
attracted to it bits of paper knows t! 
in the forces of static electricity lies « 
Mining 


engineers long ago realized that somehov 


means of separating materials. 


static electricity might be used comm 
cially to separate valuable from wort 
less ores. 

The idea is old, of course, but it nev 
has been applied widely and successfu 
to large-scale separation of ores as havi 
the magnetic separation and various f! 
tation methods. The trouble was tl 
the sources of static electricity—the old- 
fashioned Wimshurst machines and so 01 
—were ineffective. Later the 
transformers and mechanial 
of current arrived and some improv 
ment came also. But, as H. B. Johns 
reports to the American Institute of M 
ing and Metaliurgical Engineers, ther 
has been little development in the last 
ten years despite great advances in t! 
tube 


use 


rectifier 


1 


radio and vacuum art in tl 


decade. 
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Mr. Johnson has studied the electro- 
separation of over 90 different 
ents with a simple and ingenious 
ratus. The mineral mixture to be 
rated feeds down a hopper on to the 
e of a rotating cylinder charged 
Nearby this cyl- 
ler is another one charged with elec- 


trically positive. 


ty of the opposite sign by using a 
wave high-voltage rectifying tube. 
voltage created sets up a strong elec- 
field that pulls the falling particles 
t of line in their vertical fall and makes 
m drop on the other side of a suitable 
tical dividing sheet of material. Thus 
component of the mixture falls on the 
e side and the unattracted particles on 
other. 
Mineral granules the size obtained in 
mmercial grinding machines were used 
One difficult separation 
eved was the removal of bituminous 
il dust from anthracite dust. Among 
difficult separations made possible 
were those of separating (1) galena from 
rite, (2) muscovite from lepidolite 
th micas) and (3) calcite from dolo- 


he tests. 


A TUNG OIL SUBSTITUTE 

Japan is conquering China foot by 
foot. Already the economic consequences 
of their control are felt in the world mar- 
ts, mainly as a stopping of Chinese 
xports like tung oil. 
es conditions becoming worse before 
-y become better and hence is enlisting 
he aid of scientific research to find some 
substitute for the fast-drying vegetable 
which finds such wide use in paints 

| laequers. 


Realistic business 


Which brings us to oiticica oil. This 
comes from pecan-like nuts from 
Brazil’s oiticiea tree. Oiticica oil (pro- 
nounced oy-tee-see-kar) is the only vege- 
table oil, available in commercial quan- 
tines, which rivals tung oil in its 
pre perties. 


While you can follow the Japan-China 


troubles in the newspaper headlines you 
ean also read them, by inference, from 
the tables showing Brazil’s exports of 
oiticica oil. Prior to 1934 these exports 


were negligible. In 1935 exports of oiti 


cica oil totaled 4,000,000 pounds and in 
1936 they jumped to between 8,000,000 
and 10,000,000 pounds. In 1936 the 
United States took 3,000,000 pounds of 
the total and in 1937 the amount in 
creased to 4,000,000 pounds. World ex 
port figures for 1937 are not yet available 

Research is showing how the oil ean 
give both smooth and crinkly surfaces 


to paints and lacquers. Early work, in 


which the oil was processed like tung oil, 
gave discouraging results that are now 
being overcome. 

Oiticica oil seems especially adapted 
for use with phenolic resin lacq iers of 
which bakelite is typical. The crushing 
of the nuts in northern Brazil is now 
done in modern factories which bid fair 
to set up a new oil source despite any 
events which may occur in the Far East. 
Chemists in Germany, England and 
France, as well as the United States are 
studying the oiticica oil 


FLYWAYS OF BIRDS 

Birds flying northward, as heralds be- 
fore the face of the returning spring 
time sun, follow paths as definite as those 
laid out for pilots of transcontinental 
planes. These can be traced by noting 
numbers on leg-bands of captured birds 
and then releasing them again, and also 
in a more general way by observers sta 
tioned at strategic points along the ‘‘fly- 
ways.’ 

North America has four major flyways, 
with of course a number of feeders and 
branches. The four great paths follow 
Atlantic and Pacific coastlines, and in the 
interior, one along the east flank of the 
Rockies, over the Plains, and one down 
the great central valley with the Missis- 
sippi as a broad silver guideline 

Europe likewise has well-established 
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flyways Two of them cross Switzerland. 
One, originating in Russia, skirts the 
Baltic countries, Poland and Germany, 
and thence into northwestern Switzer- 
land. The second comes from Finland 
and northern Seandinavia. At the Rhine 
delta it divides. One branch toward the 
south goes via the coast of France and 
the Iberian peninsula. The other swings 
inland along the Rhine and eventually 
reaches northwestern Switzerland. 

Unlike our North American birds, the 
birds of Europe that follow these inland 
routes have mountain barriers to elimb. 
Passes become as important to them as to 
land animals—or even to airplanes. 
Thus is has come to pass that Switzerland 
iS a strategic center for the study of mi 
grating birds, and also that Swiss refuges 
possess high importance for the conserva- 
tion of European bird life. In view of 
the ominous clouds now hanging over all 
Europe it is perhaps well for the birds 
that this is so. 


WILD PIGS AND GOATS 

Hawaii seems to have been a paradise 
that escaped the trampling hoofs and de- 
vouring mouths of the Age of Mammals, 
almost entirely until the coming of that 
most troublesome of all mammals—Man. 
To introductions and changes wrought 
by human agency are traceable most of 
the damage and destruction to the unique 
vegetation of the islands 

Some of these disturbances were de- 
scribed before the North American Wild- 
life Conference at its Baltimore meeting 
by Samuel H. Lamb, assistant park nat- 
uralist of Hawaii National Park. Al- 
though Mr. Lamb confined his diseussion 
to problems within the national park 
boundaries, he stated that in many ways 
these are typical of conditions for the 
countryside at large. 

The only mammal that seems to have 
found its own way to Hawaii unaided 
by man is the bat. The original brown- 
skinned immigrants brought dogs and 


perhaps pigs, and tl 
rats and mice as st 


ley may have ca: 
ywaways. Other st 


dents of the problem believe that the 1 


rats and mice date from a supposed 


by the Spaniards in the sixteenth cent 


Goats were broug! 


it by Vancouver 


1794, and other live stock came late: 
Of them all, most destructive to H 
Wallan native vegetation are goats 


pigs, escaped from d 
living as wild anim: 


omestication and 
ils in the rough, w 


interior, in part thickly forested, in } 


rrassiand and sen 
Goats are notoriou 
structive feeders. 

for they root und 


i-desert lava fi 
Ss everywhere as 
Pigs are even wot! 
erground, devour 


bulbs and rootstocks. and breaking 


ground cover to gi 
weeds a chance to ¢g 

Efforts to save 
native vegetation 
fences around select 


ve alien grasses 


ain roothold. 


it least part of 
include goat-t 


ed areas, follow: 


concerted drives to eliminate the f 


animals within them. In broken 


where fencing can 
the only thing that 
is to permit and ever 
shooting of the goa 


] } 


not be carried 
appears practi 

1 encourage wholesal 
ts and pigs. 


A CANADIAN BONE 


Canada can prepare for scientific w 
‘st inhabitants”’ | 


Discoveries of ‘‘ olde 
begun to be reports 
the United States n 
now on Canadians 
lessly over whether 
bone and odd-shap 
evidence of Ice Age 
just relics of later 
dian tribes. 


d. If experienct 
leans anything, fr 
will be arguing « 
fragments of hu 
ed stone blades 

» man in Canada, 
and less exciting 


The incident creating an early-man 


Canada situation o 
men digging gravel 
well, Saskatchewan, 


eeurred when w 
for a road near Br 
turned up somet! 


unexpected—a skeleton. 


They called in 
police ; but the detec 
this was no murder 
none of recent date. 


Canadian mount 

tive sergeant realiz 

mystery, at any rat 
So, he called thes 
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' jue-looking bones to the attention of 

> Carried : 

ther , scientist, who happened to be a chem- 
ae 

the pigs 


sed \ 


professor at the University of Sas- 


hewan. The professor rounded up 


cent ree more professors—a chemist, anato- 
, st and geologist—and proceeded to the 
uver 


later 
» to H 


ats ar j 


Meanwhile, the road builders hauled off 
re gravel. The scientists, thus con- 
ited with a mystery scene much dis- 
rbed, have concluded tentatively that 
this unknown was a primitive man of 
‘an 


siderable antiquity. In short, 


teresting example of early man in 
America.’’ 

As clues to antiquity, they mention the 
heavy, mineralized bones; also that the 
skeleton lay in gravel deposited when the 
Keewatin ice sheet was retreating, some 
The bones 


are compared to those of Neolithic men of 


15,000 or 20,000 years ago. 
Europe. A nondescript stone tool was 
arby. 

And now, what next? Undoubtedly, 
ne cautious scientist will rise to point 
it that this man could have lived after 

Ice Age and be buried intrusively 
glacial ground. Whether the skeleton 

is an ancient type, or just recent Indian, 
ll be argument. 

Canada may yet find conclusive evidence 
f early inhabitants. 


eticabl. 


holesale 


good for many an 


DIGGING SHOWS WHY ROME 
FAILED IN ANCIENT 
BRITAIN 

Once again the past teaches a lesson in 
conquest and its results. 

Archaeological investigation in Eng- 

land is revealing what written history 

has never explained: How and 

scr Rome failed to Romanize barbarian 
one Britain, 2,000 years ago. 

8 failed, Dr. R. E. M 
ething Wheeler, London University archaeolo- 
Rome tried in Britain to 
introduce too revolutionary an upheaval 

a social order. 

Rome brought a pattern of city life 
which was new to the Britons because it 


why 


Rome says 


because 
ounted 


»alized 
y rate, 
1 these 
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centered around commerce. Excavations 
Britons 
cities Sut the ecitified Br 
He drew on 

food and for 
clay, bone, and horn that 


household gear Rare 
1m py 


that the 


show th had their own 
was bu 
colie country 
side for ron, 
and 
prehistoric Britons 
uries. Their trade was 

Came the Romans, and 
improving these people 
that and 


tled, as has been recently shown 


d Sinan 
by dig 


‘ 


resisted were stormed 
ging at Maiden Castle. Disarmed 
folk remained to rebuild their houses and 
become Roman subjects 

The Romans introduced for 
men to teach the natives to bi 
Roman way, and foreig 
velop resources of the cou 

By the middle of the sec 
Says Dr Wheeler, London 
ium ‘‘shone brightly on 
landseape.’’ 
tral 


suites 


Britain had 
heating, dust-proof 

But, ‘‘little more than a century 
the bubble had burst.’’ Ar 
tury, and Romano-British citi 
erated into concentrated slums 
perous middle class had developed, and 


without this type the Roman city plan 
was bound to fail 
tected 


Dr. Wheeler sums it up: Rome ef 


a political and social revolution in Brit 
ain, but not 
fit. it. 


ceeded. 


the economic revolution to 


untry life sue- 


middle 


Romano-British co 
The 


ages for a come-back. 


cities awaited the 
THE PROBLEM CHILD 


Defiant, 
temper outbursts 


restless. truant an 


picture of 


This is a 
what school officials know as a ‘‘ problem 
child = 

It is also a typical picture of a child 
who has failed in learning to read, write 
and cipher—particularly to read, Dr 
Charles L. Vaughn, of Detroit’s Psycho 
pathic Clinic, has learned from a study 
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boys at the Wayne County Training For now it appears that the shower 


‘hool rubdown that are orthodox parts of 

These boys were from 12 to lo years American exercise and health ritua 
old and yet tests showed them to be be- tually remove from the skin some of 
low grade three in reading. In other stuff that vitamin D is made of. 
words they had spent about nine years in is the conclusion of experiments at 
school trying to learn to read without Institutum Divi Thomae in Cincim 
success performed by Agnes C. Helmer and 

It is hard to realize the insult that Reverend Cornelius H. Jansen. 
such a prolonged failure is toachild. If In the experiments, groups of student 
he can not learn to add, that is to some after exercising. had their bodies al 
extent at least a private matter between the waist washed with clear water, wl 
his teacher, his parents and himself. He wags all carefully saved and evaporat 
can hide those arithmetic papers with the gown. The terrv cloths with whicl 
damning zeros. students dried themselves were also sa 

But when it comes to reading, he is ‘The residue from the washing and 
asked to stand up before the whole class terry cloths was extracted with et 
and demonstrate almost daily his weak- and the material thus obtained subje 
aay ; to ultra-violet irradiation and fed to rat 

If you have struggled with an income- afflicted with rickets 
tax blank, a difficult eross-word puzzle The defective bones of the rats heals 
or -_ of those baffling Oriental cut-up up, showing that the athletes’ ‘‘wa 
nein. gg know the exasperation that ings’’ had contained the precursor or 
ean result from failure even when no ar ' ' 

material for vitamin D, which was tl 

audience jeers at your mistakes. 

A child should not be forced to learn 
to read and to try to master other school 
subjects until his mind has matured suf- 


ficiently to make it possible, is Dr. 


converted into the vitamin by the ult: 
violet treatment. 

In a second experiment the students 
were first irradiated with ultra-violet a 
the extracts then made in a similar n 


Vaughn’s conclusion. “8 
ner. The results with rats proved that 


Teachers should try new methods of 
instruction with the child who is not 
learning, or else the child should be 


the washing had removed vitamin D its 
from the boys’ skins. 
In their conclusions the experiment 
given another type of program, such as pepo ae . 
state: here is definite evidence t! 
handwork, that he can master. 
No child should be forced to submit to 


ignominious failure until his whole per- 


the secretions from the skin contain 
eursors of vitamin D, which after irra 

. . . are due to be rez ‘be Vv » bod 
sonality is disorganized, and catastrophe we “4 due to oe oy the 
brings him to the psychopathie clinic. and the removal of which tends to p 


it iy 


duce a dearth of the vitamin unless it 
WASHING REMOVES VITAMIN D supplied in some other form.’’ 
RAW MATERIAL FROM SKIN 
You play a few sets of tennis or toss a THE USE OF MAPS IN FIGHTING 
DISEASE 
Most newspaper readers are famil 
with the pin- or flag-marked war ma 


medicine ball or take some other kind of 
vigorous exercise in the sunshine. You 
come in to the shower feeling full of pep 
and vitamins. You rub yourself down that show the advancing or retreat 
briskly with a rough towel, and feel even lines of conflict and other important 
better. But you’ve lost a good part of formation on which battle plans are la 


the vitamin you have just been acquiring! Some of you have doubtless kept su 





ower and 
ts of the 
‘itual ae. 


ne of the 


f. Ti 


is at the 


nein: 
and 


studer I 
es ab 


r, wh 


porated 


hich t} e 


30 Save 


and the 


h ether 


ab jex ted 


1 to rat 


s healed 
*“ was! 

r or raw 
ras then 
e ultra- 


tudents 
let and 
ir man 
ed that 
D itself 


nenters 
ce that 
in pre- 
rradia- 
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to pro- 


3s it be 
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umiliar 
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int in 
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t such 


COMMENTS ON CURRENT SCIENCE 461 


maps of your own for handy reference 
when following war news. 

Did you know that the great army of 

th experts which fights to protect us 

m disease has similar war maps? 

They hang on the walls of every health 

irtment (or should) to give informa- 


tion as to the whereabouts of the enemy 


ind his strength. They are charts show- 
ng daily, weekly, monthly and yearly 
ports of eases of communicable diseases. 

The battle lines, marked usually by 

red pins, show the advance or retreat 

various disease enemies. These lines 
are called curves. Sometimes, as during 
epidemies, they are sharply pointed, 
vivaneing rapidly to a high peak and 
sually falling down more slowly to the 
rmal or expected level of cases for 
that particular disease. The continuous 
lownward sweep of other curves shows 
triumph of medical and health sci- 

‘e over a particular disease. 

Looking over the curve of monthly 

tality rate from all causes of death 

mbined, for all ages, Metropolitan Life 
Insurance Company statisticians find 
that the enemy has been driven back on 

e important sector. This consists of 
the summer months when the death rate 
formerly ran high chiefly because of ‘‘the 
slaughter of young children by intestinal 
diseases.” Improved sanitary conditions 
and purer milk and water supplies are 
the big guns that have broken down the 
enemy lines on this sector. 

The health armies are concentrating 
now on driving back the enemy lines in 
the cold season of the year. This means 
hard fighting against pneumonia, colds, 
nfluenza and also on the chronic diseases 
f heart and kidneys of old people. 


STRESS IMPORTANCE OF EARLY 
DIAGNOSIS IN TUBERCULOSIS 


Early diagnosis is half the battle in 


fighting tuberculosis. When the disease 


is discovered in its early stages, author! 
ties state, the patient has a good chance 
for early recovery. The later it is dis 
covered, and the longer the patient puts 
off starting treatment after diagnosis, the 
worse his chances get for recovering 
Early diagnosis is important not only 
for the patient’s sake. It is important 
for protecting his friends and family and 
the people he works with. Every case of 
tuberculosis in the infectious stage is a 
more cases 


possible source of many 


Children are particularly likely to 


get tuberculosis when some member 
of the family or household—a servant 
or boarder or roomer has the ailment 
Once the disease is recognized, however, 
precaution may be taken to protect chil 
dren and others in daily contact with 
the patient. 

Recognizing the importance of early 
diagnosis, the National Tuberculosis As 
sociation and local branches throughout 
the country sponsored an intensive early 
April They 


have urged every one who has any 


diagnosis campaign in 


suspicious symptoms which might mean 
tuberculosis to see a competent physician 
at onee. With a skin test, called the 
tuberculin test, and with x-ray pictures 
of the chest, the physician can determine 
whether or not the patient has tubercu 
however, 


losis. The patient himself, 


must be on guard for the early signs ol 
tuberculosis and take himself promptly 
to a doctor if he develops any 

The National Tuberculosis Association 
lists 6 early danger signs of tuberculosis 
One is feeling tired all the time when 
you have nothing to feel tired about 
Another is constant loss of weight and 
strength. If you don’t care for food, 
that’s a danger sign. So is a cough that 
hangs on and on. A pain in the chest 
that gets worse when you take a long 
Finally, 


spitting up blood is a danger sign 


breath is the fifth danger sign 
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By Professor RAYMOND PEARL 
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I 
THE available evidence indicates that 
during the last twenty-four hours some- 
thing upwards of a sixth of a million 
fresh new human beings have appeared 
for the first 
whole. 


time upon this earth as a 
In other words, there has been 
delivered on our planet to-day well over 
600 tons of that strange mixture of water, 
mineral salts and colloids called human 
For delivery this ma- 
up in a lot of 
These 


packets have been turned out to-day at 


living substance. 
terial was neatly wrapped 
little packets that we call babies. 


a rate not much below two a second over 
the whole I speak of to-day’s 
activities in the production department 


world 


of human biology, merely because people 
But the 
same sort of thing, in round figures, went 


like their statisties up to date. 


on yesterday, and will oeceur again to- 
morrow, SO we may as well focus atten- 
tion on to-day’s crop as any other. 

blobs of 
protoplasm that starts to-day on the jour- 


Each one of these squalling 


ney through time called the life span will 
endeavor, with all its might and main, to 
make that journey last just as long as 
For the will to live, the quest 
for longevity, is the most deeply rooted 


possible. 


and persistent of the biological charac- 
organized into 


beginning of each 


teristics of protoplasm 
individuals. At the 
person’s life this urge to survival is 
wholly unconscious, just a part of living, 
like 
this underlying protoplasmic will to live, 
the will 
mented in the individual by a conscious 
The great part of 
1 Presented as one of the Third 
Laity’’ of the 
Academy of Medicine on 


digestion or respiration; later on, 


vital momentum, be supple- 
search for longevity. 
Series of 
New York 
February 24, 1938. 


‘*Lectures to the 


Published here with the consent of the academy. 


$62 


to-day’s babies who manage to survi 
until they are somewhere in the twenties 
will then to think a little ab 
what they should do to preserve thei 


begin 


health so that they may keep on 
Virtually all of them who 
until they are seventy years of age 


longer. 


upwards will think about little else fr 
For it is an odd but p 
foundly true generalization of hu 


that time on. 


biology that the longer a human bi 
has lived, the more anxious and per 
ally concerned he is, by and large 
The « 


may be 


keep on living still longer. 
genarian or nonagenarian 
wretched health and altogether having 
bad time of it, but 


and sound instinets are for keeping 


even so his nor 
Incidentally, it is the almost univers 
lack of appetite for dying that makes t 
medical profession a possible one. At 
moment, as every one knows, the profes 
discussions 
its e 
But if mankind had not, fror 


sion is being wracked with 


and torn with dissensions over 
nomics. 
its remotest antiquity, been profound 
of the opinion that the physician co 
be of significant help in the struggle t 
keep on living there would be to-day 
question of medical economies to discuss 
Physicians are employed, and sometir 
are paid, because people fear death ai 
And doctors ar 
not the only ones employed and paid f 


hope to keep on living 


the same reasons. 
the 
of the profession have been able to d 
from the time when that arch quack Alex 
ander of Abonutichus and his partner 


In spite of everything 


honest, wise and sincere members 


Cocconas practised their deplorable ki 


ery down to the present, a horde 


dubious charlatans of all complexions a1 
degrees have fattened off humanity’s dis 
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taste for dying. It has been revealed to speaking consists in climbing a long and 
many others besides the unworthy Alex- huge ladder. The first of the two life 
ander that, as Lucian said, ‘‘human life tables chosen for this treatment is one 
s under the absolute dominion of two of the latest comprehensive American life 


chty principles, fear and hope.’’ tables. It combines into one single well 


Neither the art nor the science of medi- digested whole the mortality experience 


O survive ine have as yet, alas, achieved an alto- of the United States (exclusive of Texas 
> twenties gether complete understanding of life or and South Dakota) for the years 1929 to 
tle about r what to do to prolong it in the indi- 1931, inclusive. This table was computed 
rve their vidual. The patient sometimes becomes and published by Louis I. Dublin and 
on living impatient because this is so. Then, so Alfred J. Lotka.* The second table to be 
who liv compelling is his survival urge, he turns depicted is that of James W. Glover 
f age or more often than would happen in atruly based upon the mortality experience of 
else froy rational world to the ministrations of the the State of Massachusetts in the vear 
but pro- quacks. Man’s reason is evolutionally 1890. In both cases we shall deal with 
f humar his most recent acquisition, so perhaps it the order of dying of white males only 
an being is not altogether strange that it should What will be shown is the shape and 
1 person be so easily overset by his baser biological dimensions of the ladders of life which 
large. 1 instinets. the respective cohorts of white boy babies 
“he oct that of 1930 and that of 1890—may be 
y be } I imagined as climbing 
having a The duration of the journey through The construction of the ladders is 
; norma life that so many young hopefuls have follows: the total length (or height 
ping o started upon to-day will vary greatly each ladder is the total span of life, 
iniversa amongst them. Some of the lot will end which is about the same in each case—a 
iakes the it to-morrow, so incomplete is their vital little over 100 years. The rungs of the 

At th resource and so fragile their design for ladder are in each case set ten years of 
e profes. iving. Others, a very few others, of the age apart, so that the bottom rung of each 
scussions lot will be living a hundred years from 1s at 10 years of age, the second rung at 
its ec now. The tired eyes of these will have 20 years, and so on. The length of the 
ot, fron seen many strange happenings in a dizzy rungs—or width or spread of the ladder 
found world before their journey is done. is, at each rung, proportional to the 
in could The pattern of these varying life jour- numbers of persons in the cohort who 
uggle t neys and the changes in that pattern in live long enough to get a foothold on that 
dav 1 quite recent years are matters of consid- TUNE: Naturally, both ladders are drawn 
discuss erable interest and worth looking into on © the same scale in the picture. In both 
metimes their own account as well as to give us a C488 100,000 just-born white male babies 
ath and more solid ground for the further diseus- __? Dublin and Lotka, **Length of 

; ‘ ‘ q Study of the Life Tablk New 
tors are sion of human longevity. The ‘‘order of pros i906. Pp. xxii+400. The 
paid for dying’’ of a cohort of individuals all on pp. 14-17. The preliminary 
rything born at the same time is given with great official United States life tal 
nembers accuracy by a device known as the life P@?ed im the Division of Statist 
» to di table, that combines mathematics and Se RUSE OS Cae hana, Was 
} * ; 1936, by Joseph A. Hill (} 

*k Alex biology in a happy and useful mating.  gpecial Reports. Vol. I, pp. 
partner For purposes of the present discussion a whites these tables are essent 
le knay certain function called the ‘‘survivor- ‘bose given by Dublin and Lot! 


a. f = s on . : : . > J. W. Glover, United State 
wrde ol hip’’ for two life tables has been put in 1890, 1901. 1910 and 1901-1911 


ons and i graphic form, on the supposition that (Govt. Printing Office), 1921 
y’s dis- the life journey of which we have been cussed here is on pp. 132-1 
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are supposed to start together climbing 
the ladder. In the case of the 1929-31 
ladder there has been placed opposite 
each rung a calendar year date. This is 
neant to suggest that it will be a ladder 
of life much like the one here depicted 
that the white American boy babies born 
to-day will climb. This is not an entirely 
wild bit of prophecy, because past ex- 
perience indicates that the ladder they 
will ascend will almost certainly actually 
be as good as or better than this one, 
because it is not likely that medical and 
public health progress will abruptly stop 
to-night. It is progress in these two 
fields in the recent past—within the lives 
of most of us here to-night—that in large 
part has wrought the 1929-31 ladder of 
life into the shape seen in Fig. 1. To be 


AN 























sure other things have been conce: 
in the matter too—such as improvem: 
in the general conditions of living a 
of getting a living and in general edu 
tion—but the forward strides of med 
and public health knowledge and pra 

have surely been the most conspicu 
causal elements involved. 

It is at once evident that the two la 
ders, less than half a century apart 
time, are quite different in shape. 1 
one for 1930 has an air of broad su 
stantiality—a solid structure that ho 
a lot of people. The 1890 one stands 
the same base, but after the lowest rm 
is passed becomes a rather narr 
gangling thing, with much less of an air 
of solid stability ; resembling striking 
the sort of ladder built for fruit pick 


(ert one wes tele 


a Y (Ok 




















WAS IN 1890, FORTY-EIGHT YEARS AGO. 
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THE LADDER OF LIFE 
THE LADDER OF LIFE, AS IT IS SHAPED NOW (ON THE EVIDENCE OF 1929-31 ), AND AS 
FOR FURTHER EXPLANATION SEE TEXT. 
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SURVIVAL AT THE HIGHER ADULT AGES 
2. THE NUMBER OF SURVIVORS AT THE LATER AGES FROM AN EQUAL NUMB 
{0 AND AT AGE 70, AS SHOWN BY THE U. 8S. LIFE TABLE (EXCLUSIVE OF TEXAS AND SOUTH DAKOTA 
oF 1929-31, AND THE MASSACHUSETTS LIFE TABLE OF 1890. WHITE MALI 


rather than the broad and heavy fire- 
en’s ladders on which human lives de- 
pend. At the 50-year rung the 1890 
adder of life accommodated fewer than 
alf the persons who started the climb, 
while the 1930 ladder at the same point 

ill hold almost three quarters of the 
starters. 

Ii 

In these pictures we see graphically 

w the prospects for the duration of the 
uurney of life have been altered in the 
ast fifty years or so, and for the better. 
The improvement has been great, and 
nuch eredit is due to the medical and 
public health professions for the part 
they have played in bringing it about. 
But the pictures of the ladders do not 
make it entirely clear just how and 
wherein the improvement has been made. 
They give rather a broad general impres- 
sion of the whole effect. In order to ap- 
prehend more clearly a very important, 
and often overlooked, point about this 
average improvement in the duration of 
the individual’s life resort must be had 


to some other pictures, shown here as 
Fig. 2. 

These are pictures of life ladders, too, 
but of only their upper parts. Suppose 
we consider what happened subsequently 
to 10,000 white males who got to the 
40-year rung of the 1890 ladder in com 
parison with 10,000 who will get to th 
same rung of the 1930 ladder; and then 
suppose we make the same comparison 
between 10,000 who got to the 70-year 
rung of the 1890 ladder and an equal 
number at the same position on the 1930 
ladder. 

It is at once evident from Fig. 2 that 
the duration of the life journey after age 
40 for those who have attained that age 
is, on the average, only slightly longer 
According to 
the 1929-31 mortality experience 2.9 per 
reaching 40 

But the 
per cent., 


now than it was in 1890 


cent. of all those (males 
lived to reach 90 years of age 
1890 experience shows that 2.7 
or almost as many relatively, did the 
same then 
for the 40-year-old boys is wholly insig 


The gain in the half century 


‘ 


nificant in any practical point of view 
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Fig. 2 further shows that those who 
attain the age of 70 now actually do not 
do so well relatively, on the average, in 
the way of further survival to still higher 
ages as did the stalwarts of 1890. At that 
time six hundred 10,000 
white males alive at age 70 lived on to 90 
the the 
1929-31 experience, only 563 manage this 
feat. 

So it becomes plain that the important 


out of every 


or more. Now, on basis of 


achievements in altering the shape of the 
ladder of life in the last 50 years, have 
been mainly in regard to the lower rungs. 
And it is chiefly the lowest or 10-year 
rung that has been improved. In 1890 
only 72 per cent. of the boy babies start- 
ing got a foothold on that 10-year rung; 
now 91 per cent. do. This is splendid 
and must certainly be warmly approved 
of by every small boy. But there is ex- 
tremely little in it to bring cheer to the 
man at 40 who would like to buy an 
annuity and look forward to gloating 
over the issuing insurance company as a 
nonagenarian. 

[In the common way of thinking longev- 
ity really means living past 80 years, and 
great human longevity means being a 
nonagenarian or centenarian. Progress 
in medicine and improvement in the pub- 
lic health have done little or nothing 
about enabling the individual to achieve 
such a goal, as the cold statistical facts 
about the order of human dying make 
abundantly clear. The span of human 
life has not been lengthened, and there is 


no present prospect that it soon will be. 


The average duration of life is all that 
has been altered, and that has been ac- 
complished chiefly by giving more babies 
a fairer start in life’s journey than they 
used to have. Because more of them get 
by the early and very difficult hurdles, 
absolutely more of them survive at later 
But the terms of the bet that any 
individual man aged 70 to-day can safely 
say that he will be alive at 90 appear to 
be not quite as good as they were 50 years 


ages. 


ago. 
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IV 


What Everyman wants to know 
whether there is not some sort of biolog 
eal skullduggery that will, if he onl 
knows what it is, enable him to make a 
surer and safer bet of this kind. Ther 
lies the real problem of the search 
longevity. Why is it that some individ. 
uals alive at any given age will liv 
thereafter longer than others? This is 
biological question, and one of the most 
fundamental ones that science still has t 
worry over. In principle the duratior 
life of any individual is the net resultant 
of the interplay between his own innat 
al make-up and the forces acting 
favorable or unfavorable, ext 


biol 
upon it, 
nal and internal. This is a complete ar 
sufficient logical the 
but not so immediately useful as might 


statement of casi 
be wished for the purpose of disappoint 
The 
searcher for individual longevity is 1 
definitions 
He is looking for more tangible help 
What can be offered him? 

One of the most often quoted things 
that Wendell Holmes 
was that if one is setting out to achiev 
‘*three score years and twenty,”’ the first 
thing to befor 
birth, is to advertise for a couple of 
parents both belonging to long-lived fan 


ing eager morticians. 


practi 


much interested in logical 


Oliver ever said 


be done, ‘‘some years 


ilies. Especially let the mother come « 

a race in which octogenarians and nona 
genarians are very common phenomena.’ 
When this statement was made its onl) 
foundation was the general impression 0! 
a wise physician who spent his own |i! 
in a region where octogenarians at 

nonagenarians were common phenomena 
Our practical like t 
know the extent or degree to which this 
impression has been supported by exact 


quantitative investigation. 


searcher would 


As the first and simplest approach t 
the question let us consider briefly th 
analysis of the pedigree of persons wi 
have actually achieved great longevit) 
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PEDIGREE OF A CENTENARIAN. IN THIS 
IGREE THE PERSON UNDER DISCUSSION (THE 
OPOSITUS) IS INDICATED BY A SOLID SEX SIGN. 
RES WITHIN THE CIRCLES OF THE SEX SIGNS 
CATE THE AGES AT DEATH IN YEARS, EXCEPT 
WHERE THERE IS AN L ABOVE THE AGE FIGURE, 
WHICH MEANS THAT THE PERSON WAS LIVING AT 
TIME OF RECORD, AND AT THE INDICATED AGE 
IN YEARS. 


For many years we have been collecting 
data about persons actually living at ages 
of 90 years and above. The collection 
now includes more than 2,000 such per- 
sons, for whom the personal and fam- 
y records may be accepted as reliable 
and trustworthy, after having been thor- 
ughly and critically checked. Many 
more eases than this have gone through 
our hands, but have been rejected for 
scientific study because they did not meet 
the standards of proof that were set up. 

In 1934 my daughter and I* published 
a rather extensive and detailed analysis 
of 365 of these cases of proven extreme 
For each of these cases the 


longevity. 

4R. Pearl and Ruth D. Pearl, ‘‘ The Ancestry 
f the Long-Lived.’’ Baltimore and London: 
Johns Hopkins and Oxford University Presses, 
1934, Pp. xiii + 168. 


ages at death of the six immediate an- 
cestors (two parents and four grandpar- 
ents) were known and recorded, as well 
as a great many other things about the 
person and the ancestors. As an ex- 
ample, the pedigree of one of these highly 
longevous persons is shown in Fig. 3 
In this case the propositus (III, 4 
living at the age of 100, was a Scottish 
‘settled 
His immediate 


seafaring man, who married and ‘ 
down’’ at the age of 39 
ancestry is very remarkable in point of 
longevity. His father (II, 1) and his 
maternal grandmother (1, 2) died as the 
result of accidents. His two children 
(IV, land IV, 3) who died at early ages, 
met their end by drowning 

At the top of the chart the mysterious 
word TIAL is merely an abbreviation for 
‘‘total immediate ancestral longevity,’’ 
and is used to designate the sum of the 
ages at death of the parents and grand 
parents. Thus in the present case 104 
98 + 106 + 93 + 97 +101 
safe to say that few human beings have 


599 years. It is 


ever had an authentic TIAL number higher 
than this. 

But how much lower are the TIALs of 
ordinary people, just ‘‘run-of-mine’’ folk 
who do not themselves live, on the aver 
age, longer than the average of the gen- 
eral population? To get an approximate 
answer to this question, and to have a 
group to compare with the highly lon 
gevous group of nonagenarians and cen 
tenarians we assembled, entirely at ran 
dom so far as concerned their own ages 
a group of 136 living persons all six of 
whose immediate ancestors (parents and 
grandparents) were dead at the time of 
observation, and for each of whom the 
age at death was known and recorded 
This seems as fair a group for comparing 
TIALS with the longevous group as it 1s 
humanly possible to get. This compari- 
son group had an average living age of 
48.75 years, and contained 29 persons 
over 60 at the time of observation, 6 over 


70, and 1 over 80. The average age of 
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INFLUENCE OF IMMEDIATE ANCESTRY UPON LONGEVITY 
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FIG, 4. INFLUENCE OF IMMEDIATE ANCESTORS UPON MEAN (AVERAGE) LONGEVITY. 


the group was almost 16 years higher 
than that of the living white population 
of the United States in 1930. 

How does the ancestral longevity of 
this group of ordinary folk compare with 
that of the elite group of extraordinary 
long-livers, the nonagenarians and cente- 
narians? Fig. 4 gives the answer in 
graphic form. 

From this diagram it is seen that, on 
the single immediate an- 


average, each 


father, mother, grandfather or 


grandmother, of the extremely longevous 


cestor, 


persons of panel A on the left side, was 
longer-lived than the corresponding an- 
cestor of the ordinary persons of panel B 
on the right Thus the 
the longevous died at the average age of 
72.4 
or over 20 per cent., than the average age 
of the fathers of the panel B folk at the 
right end of the chart. The central 
panel, A—B, gives the differences, in ab- 
solute numbers of years (upper figures 


side. fathers of 


years. This was 12.3 years older, 


in each sex sign) and as percentages of 
the panel B means, for each category of 
The ‘ 


for 


the six immediate ancestors ‘com- 
puted total longevity’’ figures the 
propositi in the rectangles at the bottom 
are the resultants of adding to the mean 
number of years the A and B propositi 


had already lived at the time of obsery 
life 
standard | 


tion the expectations of proper 


those ages, as given in a 
table. 

From this chart two results indul 
tably emerge regarding the influence 
heredity upon longevity, namely: 

(a) People who achieve extreme | 
gevity have immediate ancestors (p: 
ents and grandparents) who are, on t! 
average, definitely longer lived than tl! 
the 


This is true wit! 


corresponding ancestors of rene! 
run of the population. 
out exception for each particular cat 
gory of immediate ancestors. 

(b) This hereditary influence prot 
ing longevity is between two and thr 
times as great relatively for parents 
it is for grandparents, so far as the 1 
sults of this investigation indicate 

It appears, then, that old Dr. Holmes 
was sound in his advice to select lor 
lived parents, and particularly long-liy 
mothers. 

Let us now go a little deeper into th 
matter, by proceeding to examine mor 
specifically how each of the parents 
the extremely longevous persons was bred 
relative to longevity, as compared wit! 
the parents of the general run of folk 
For the purposes of this inquiry let us 
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ird an individual who dies under 50 


rs of age as short-lived ; one who dies 
tween 50 and 69 years as average or 
«liocre in life duration, and one who 
These 


ranges in general agree fairly with com- 


es at 70 or over as long-lived. 


mon-sense opinion and usage. Fig. 5 
hows the percentages of the fathers and 

thers respectively that had (a) both 
(shown by 
(b) 
ne parent long-lived and the other medi- 


wre or short-lived (shown by the cross- 


(heir parents long-lived 


the solid black portion of each bar) ; 


hatched portion of each bar); and (c) 
neither of their parents long-lived (shown 
by the white portion of each bar). 
The picture presented by Fig. 5 is pre- 
striking. The 
| centenarians were produced by par- 
bred out of 
wholly longevous parentage in more than 
a mark- 


ise and nonagenarians 


ts who were themselves 
half of all the cases observed 
lly higher proportion than that shown 
by the parents of the general popula- 
the end of the 
renetic scale the opposite is true. 


tion sample. At other 


Fewer 


we LONGEVOUS 
HAD 
PEOPLE 
OENERALLY 
HAD 


Tye LONGCEVOUS 
HAD 
PEOPLE 
CENERALLY 
AAD 
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than half as many proportionally of the 


nonagenarians and centenarians as of 
persons generally were produced by par 
ents who themselves had no longevous 
parentage whatever. It seems clear be 


yond question or doubt that breeding 


counted mightily in the production of 


tenarians 


thod of 


these nonavenarians and cel 

Let us now turn to another mé 
approach, and a wholly different mate 
rial, to get still another view of the im 


portance of inheritance in the quest for 
longevity Suppose one were to go out 
and collect entirely at random every 
single case possible to find of children 


dying before they were five vears old 


human beings in 


the 


pleasant business of living either because 


extremely short-lived 
fact, who were unable to get far in 


they were inherently bad biological eggs 
the 


literally or figuratively, or because 


fair chance to live on ac 


bad 


with parental poverty or 


never had a 


count of a environment associated 
lwnorance or 
vice. Now suppose further that we fol 


lowed the fathers of these poor creatures 


SATHE RS OF 
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along through their whole lives and set 
down in the record their ages at death 
when they (the fathers) finally died. It 
would then be possible to construct a 
life table for the category of Fathers of 
Persons Dying under 5 Years of Age. 
Having done all this, suppose we next 
did precisely the same thing for a group 
of fathers of did 
until they were 80 years old or more 
of old 
with demonstrated great powers of liv- 


persons who not die 


in other words, a group gaffers 
ing, which powers may conceivably have 
arisen from their innately superior bio- 
logical make-up or from great good luck 
combined with good sense in their choice 
drink, or from always 
when it rained 
and cold, 
on through the entire list of precepts 


of victuals and 
their 


when it 


wearing rubbers 


woolles was and sO 


and superstitions thought to promote lon- 


fathers & persorrs 
dying under 5 ZZ 
and Cland over TF 
years of age 
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AFTER-LIFETIME) AT AGES 20, 40, 60, AND 80, OF 
FATHERS OF CHILDREN DYING (a) UNDER 5 YEARS 
(SOLID BARS) AND (b) 80 AND OVER YEARS 
OF AGE (CROSS-HATCHED BARS 


OF AGE 
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Mothers of persons 
dying under i ¥@ 
and C0 and over (] 
years of age 
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LYean-ahter- lifeline ol age 


FIG. 7. LIKE FIG. 6, BUT FOR MOTHERS 


When the had 
lected and the computations made we 
should then be in possession of a life 
table for the Fathers 
Persons Dying at 80 and Over Years of 
Age. 

How will these two life tables compare 
with each other? 
swer so far as concerns the expectation 
of life (or average-after-lifetime) at four 
selected 40, 60 and 80 

It is at once evident that, so 
concerns the present material involving 


gevity. data been ce 


category of 


Fig. 6 shows the an 


ages 20, years 


far as 


well over a hundred thousand life years’ 
exposure to risk, the long-lived childrer 
had fathers who were much longer-lived 
than the fathers of short-lived children 
The figures at the tops of the bars give 
the expectations of life at the ages indi 


5 For details regarding the construction of 


these and the life tables to be discussed below 
see R. Pearl, ‘‘Studies on 
IV. 
Biology, 3: 


Human Longevity. 
Humar 


The Inheritance of Longevity.’’ 


245-269, 1931. 
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ited at the bottoms of the bars. Thus 

. average total duration of life from 
birth of the fathers of children dying at 
ves of 80 and over was 58.5 + 20=78.5 
ears. 


Corresponding life tables for mothers 


tell the same sort of story, as is shown 


Fig. 7. 
The relative excess in life duration of 
parents of long-lived as compared 
with short-lived children is very con- 
lerable. Thus the mean-after-lifetime 
fathers of children dying (or living) 
ages of 80 and over is about 26 per 
nt. greater at age 20; 43 per cent. 
eater at age 40; 75 per cent. greater 
age 60; and 58 per cent. greater at 
ve 80, than the mean-after-lifetime at 
he same ages of fathers of children dy- 
runder 5. The corresponding excesses 


= Sons of fathers 
dying under OE 
30-79 inclusiveQ 
ard Bb andwerT 


sed] years of age 
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/ean-ofter-liletime at age 

8. EXPECTATION OF LIFE IN YEARS (MEAN 
ER-LIFETIME) AT AGES 0 (BIRTH), 20, 40, 60, 
) SO YEARS, OF THE sons OF FATHERS DYING 
NDER 50 YEARS OF AGE (SOLID BARS); (b) 
'WEEN 50 AND 79 YEARS OF AGE (DOUBLE 
ROSS-HATCHED BARS); AND (¢c) 80 AND OVER 
ARS OF AGE (SINGLE CROSS-HATCHED BARS). 


in expectation of life of mothers are 27 


per cent. at age 20; 27 per cent. at age 
40; 36 per cent. at age 60; and 23 per 
cent. at age 80. The suggestion plainly 
is that right away through the whole life 
span the parents of very long-lived chil- 
dren appear to be persons of superior 
biological constitution, as evidenced by 
their ability to keep on living 

What now of the situation turned the 
other way about? How will the respec- 
tive life tables compare if we construct 
them for the children of short-lived, mod- 
erately long-lived and very long-lived 
parents? This we have done for sons as 
a class, with the results shown in Fig. 8 

Plainly the results of these life tables 
for sons confirm the conclusions derived 
from those for fathers and mothers that 
have just been examined. As we pass 
upwards through the three broad classes 
of paternal longevity the expectation of 
life of the sons at all ages steadily rises. 
The expectation of life of the sons of 
short-lived fathers is less than that of 
the sons of moderately longevous fathers, 
and still less than that of the sons of 
extremely long-lived fathers. Thus at 
age 60 the sons of very long-lived fathers 
(SO and over) have a further average 
expectation of life nearly 40 per cent. 
greater than that of sons whose fathers 
died before age 50. 

It seems unnecessary to present fur- 
ther evidence to demonstrate the great 
significance of genetic factors in deter- 
mining individual differences in the 
The inherited bio- 
logical constitution of each individual 


length of human life 
human being—his or her genetically de- 
termined inherent viability—is beyond 
question one of the major determiners 
of the probable length of that person’s 
life. It is not, however, the sole or abso- 
lute determiner. Obviously any one can 
behave in such a way that his or her 
genetic birthright in longevity is pre- 
vented from coming to its full expression 


Prematurely taking one’s own life is per- 
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haps the most nearly perfect example. 
On the other hand, the general effect of 
public health and sanitary measures is 
to create and promote such conditions of 
living as will permit the greatest possible 
number of people to bring as nearly as 
possible to complete realization and ex- 
pression the 
they have 


In the changing shapes of the 


inherent viability with 


which been genetically en- 
dowed. 
Ladder of Life shown earlier it has been 
seen how great the progress has been in 
this for the and 


how little for the later years of the life 


respect earlier years, 
This suggests, in the light of the 
fac- 


span. 
evidence regarding the inheritance 
tors in longevity, two conclusions that 


The 


broad classes of 


may be of considerable significance. 
first is that there exist 
human beings differentiated 
other in their innate endowments in re- 


from each 
spect of inherent viability, one class be- 
ing short and the other being long of this 
important quality. The second suggested 
conclusion is that improving the environ- 
mental circumstances of living can do, 
and has done, a great deal more for the 
first class than for the second in the way 
of increased longevity. It appears prob- 
able that there is now, and always has 
been in past ages, a class of human beings 
by nature so abundantly endowed in the 
matter of viability that they have always, 
as a statistical group, so nearly realized 
their innate potential viability regardless 
of environmental circumstances as to be 
not significantly affected in average dur- 
ation of life by any general improvement 
of those circumstances. 

Detailed study of the life histories of 
extremely longevous persons, such as has 


been possible with our collection of such 


records, strongly suggests that nonage- 
narians and centenarians are biologically 
differentiated from the run of 
mankind in just the manner postulated 
for the second biological class just de- 


veneral 


scribed. As a group nonagenarians and 


centenarians have definitely not led pro- 


THE SCIENTIFIC MONTHLY 


tected lives in specially favorable en, 
onmental circumstances; nor have 
had better medical advice or care 
the generality of men; nor, finally 
they conducted their lives more hy 
ically than others, according to the 
and precepts generally regarded as 
ducive to long life. 
have just lived, but lived a much long 


On the contrary t] 


time than most. 

This view of the matter is further su 
ported by an analysis of the causes 
death of nonagenarians, made some y: 
ago on the basis of the official record 
the Census Bureau.* That analysis led 1 
the conclusion that nonagenarians ar: 
selected lot of people. They are the 1 
mate survivors after all the rest of 1 
kind has gone, unable to meet the vici 
tudes of life and keep on living. No 
renarians come to be such because thy 
have organically superior constitutior 
resistant to infections, soundly organiz 
to function efficiently as a whole orga 
ism and keep on doing it for a very | 
time. Observations on mortality at a 
indicate that throughout life 
and other harmful environmental for 
are, on the whole, tending to take off 1 
weaker and leave the stronger. Medi 
knowledge and skill, improved sanitat 
and better conditions of life 
have been and are, able to prevent ar 


infecti 


renera 


increasingly larger amount of what n 
be called premature mortality before : 
50, let us say. Especially have th 
agencies been able to reduce the let! 
effects of infections, or at least to p 
pone to a later part of the life span tl 
But ultimately there is | 
extremely old people, f 
the infections have 1 
particular terrors. In all the early part 
of their lives they have been able succes 
fully to resist infections, and to a remar! 
able degree still are in extreme old ag 

6R. Pearl and T. Raenkham, ‘‘Studies 
Human Longevity. V. Constitutional Factors 
in Mortality at Advanced Ages.’’ Humar 
Biology, Vol. 4, pp. 80-118, 1932. 
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These people eventually die, to be sure. 
a great many of them die, not be- 
se the noxious forces of the environ- 
kill them, but because their vital 
whinery literally breaks down, and 
rticularly that important part of it 
circulatory system. 
Vv 
Evidence has been presented indicat- 
» that genetic factors are important 
determining individual longevity. It 
is further been suggested that these 
renetic influences manifest themselves in 
relation to longevity primarily through 
the general biological constitution of the 
dividual, so far as can be judged in the 
basis of present knowledge regarding this 
mplex and difficult problem. 

There will now be presented for the 
first time, in necessarily condensed form, 
some results of an investigation now in 

rogress that appear to throw additional 

rht on the problem of constitution in 

‘lation to longevity. The problem at- 
tacked may be put in this way: 

at one were able to make fairly thor- 


Suppose 


ugh and complete studies, medical, an- 
thropometric and genetic, of adult per- 
ms in a state of health at the time of 
bservation, then follow them individu- 
ally till they died, and then firally de- 
termine and record the causes of their 
leaths individually. Would it then be 
possible to isolate and differentiate any 
characteristics exhibited at the time of 
riginal observation years before, from 
which could have been predicted then 
who were destined to be the long-lived 
and who the short-lived, had the original 
bserver been as wise before the event 
as afterwards? In other words, is it pos- 
sible by any sort of examination or study 
of healthy adult individuals to predict 
which ones are destined for a long sub- 
sequent life and which will exhibit no 
marked powers of further survival ? 

At the expense of considerable time 
id labor records have been collected 
upon this question, and some of them 


have been analyzed. In particular we 
have studied rather thoroughly 386 white 
These 


individuals were originally observed and 


males from this point of view 


recorded at ages ranging from 20 to ove! 
60 years ; 193 of them proved in the event 
to be long-lived, in the sense that each one 
of them outlived in greater or smaller 
degree the expectation of life (mean- 
after-lifetime ) 
according to Dublin and Lotka’s 1929-31 
life tables already referred to above. All 


for his age when observed, 


white males in our records fulfilling this 
condition of survivorship greater than 
that expected from the life table were 
taken for study without any selection 
Then as a partner for each one of these 
193 long-lived 


from the record a white male of the same 


males there was taken 
decade of age, who died before reach 
ing the expected degree of survivorship 
proper to his age as set forth in the 
Dublin and Lotka life tables. All these 
386 persons died in the end of some 
form of cardiovascular disease—that is 
of heart disease in one or another of its 
forms or of some affection of the arteries 
or veins. 

So then in sum, what we have are two 
groups of white males of the same age 
distribution and in a state of health at 
the time of observation, all of whom died 
of diseases characterized by structural or 
functional breakdown or inadequacy of 
the circulatory system. One of these 
groups was definitely longer-lived than 
the average of American men at the 
present time, while the other group was 
definitely shorter-lived than the average 
In what respects, if any, did the two 
groups differ from one another before 
either displayed any discernible evidence 
Table 1 and 


Fig. 9 give the more Important aspects 


of cardiovascular disease ? 


of the answer to this question 
Considering Part A of the table it is 
seen that while the two groups were sub- 
stantially identical in average age at ob- 
servation (approximately 40 years) the 
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long-lived lived thereafter more 
than 26 years or over 52 per cent. longer 
than did the short-lived group. The ac- 
tual survival of the first group was 123 


per cent. of life table expectation, while 


group 


that of the second group was only about 
35 per cent. of life table expectation. 
At the time of observation the average 
pulse rate per minute was, by an abso- 
lutely small but statistically significant 
amount slower in those destined for long 
life than in those who were to live less 
than a third as long a time. Further- 
exhibited at 
blood 
pressure slightly over 2 per cent. higher 
than did the short-lived a dif- 
ference that is, however, statistically in- 


more the long-lived group 


observation an average systolic 


group, 


THE SCIENTIFIC MONTHLY 


significant. The average blood press 
in both groups, it will be noted, was y 
within what is regarded as the clini 
normal range for persons of an averag 
age of about 40 years. But the nu 
in the long-lived group for which b 
were available 


pressure readings 


very small (27 cases only), so that alt 
vether the findings relative to blood pres 
sure depend upon only 54 individuals 

total. 
situation relative to blood pressure diff 


A satisfactory appraisal of 


ences between long-lived and short 
groups to the 
accumulation of additional data 


wait on 


will have slov 
In physical characteristics of the | 

(Part B) the two groups were of 

stantially identical average stature, 


TABLE 1 


BETWEEN 
PRIOR 
rHAT 
ioe 


DIFFERENCES 
oF HEALTH 


CONSTITI IONAT 


A STATE THE 


EVENTUAI 


ro 


Part A 


Mean 


Cause of death 
and 


group 


differences at 


Age 
observation 


(yrs. ) 


193) 40.09 
193) .. 39.56 


+0.53 + .71 


Long-lived 
Short-lived 
Difference a . : 
Difference as per cent 

of short-lived mean. 


(N 
(N 


+1.54 


Part B 
Mean 


Cause of death, group 


and differences sody 


weight 
(kg) 


Stature 
(cm) 


70.27 
74.56 


1.29 + 


193) 


Long-lived (N 
(N 193) 


Short-lived 
Difference ° ° 
Difference as per cent. of 

short-lived mean .... 5.75 


68 


Part C 


Mean 


Percentage 
of sibship 
living at 
time of 

observation 


Percentage 
of parents 
living at 
time of 
observation 


Cause of death, group 
and differences 


18.96 
$1.58 


+7.38 


193) . 
193) 


Long-lived 
Short-lived 
Difference 


(N 
(N 


and physiological 


(average) 


Somatological 


(average) 


LONG-LIVED AND SHORT-LIVED WHITE MALES WHEN OBSE 
ON SET 


rHE CARDIOVASCULAR DISEASES 
ro DEATH 
characteristics 


OF 


LY Lep 


value of characteristic 
Percent 
age of 
expected 
survival 
(yrs.) 


Pulse 
rate (per 
minute) 


Actual 
survival 
(yrs.) 


36.49 
10.69 
+25.80 + 


123 
~~ 
) 


15 
a 


O) 
65 


+241.35 
characteristics 
(average) value of characteristic 
Chest 
girth at 


expiration 
(cm) 


Body 
weight 
ratio 
(kg) 


Umbilical 
girth 
(cm) 


Chest 
expansion 
(cm) 


85.05 
86.47 
1.42 + .62 


9 06 
9.55 


0.47 + 


86.62 
89.51 
> 20 + 


4.04 
$.28 


0.24 48 21 


3.23 5.13 1.64 


5.60 


Genetic data 


value of characteristix 

Per cent 

all parent 
and sibs 

dead of a 

eases of a 


mentary tt 


Per cent. of 
all parents 
and sibs 
dead of 
respiratory 
diseases 


Per cent. of 
all parents 
and sibs dead 
of cardio 
vascular 
diseases 


Percentage 
of total 
sibship 
dying in 
infancy 


5.33 
1.37 
+0.96 


3.00 
$.92 
1.92 
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the the 
average, nearly 6 per cent. less than the 


long-lived group weighed, on 
group, again a statistically 
the 


long-lived averaged to be smaller in chest 


short-lived 
significant difference. Furthermore 
girth (at expiration) and in girth at the 
(umbilical girth) than 
Also, as shown by the 


group on 


level of the navel 
the short-lived. 
habitus index, 
the average was less of the pyknic type 
in body build than the short-lived group 

in other words the long-livers tended 
to be more like Don Quixote and the 
Panza in 


the long-lived 


short-livers more like Sancho 
their bodily structure. 

The long-lived group had over 7 per 
cent. on the average, of their par- 
ents alive at the time of observation than 
did the indicating a 
sounder inheritance in respect of longev- 
ity. On the fewer of the 
brothers and sisters of the long-lived, on 
living when the 
than the 


This suggests 


more, 


short-lived group, 


other hand, 
the average, were still 
observations were made, was 
case with the short-lived. 
that natural selection had operated more 
stringently in the sibships containing the 
long-lived persons, an interpretation that 
is supported by the higher infant mor- 
tality rate that had manifested itself in 
the sibships of the long-lived. Finally, 
and more specifically from the genetic 
the had fewer 
proportionately of their parents and sibs 
dead of the 


time of observation than did the short- 


side, long-lived group, 


cardiovascular diseases at 
lived 
Fig. 9 sums up graphically some of 
the results of this constitutional study. 
In general it appears, so far as may be 
the sample, that 
7 Habitus index 
100 (Chest girth at expiration + 


judged from present 
Umbilical girth) 
Stature 
This somatological index, which appears not to 
have been used hitherto, is proving to be a very 
variation in bodily 
habitus (Kretschmerian The as 
thenic type of body build leads to a relatively 
low index, and the pyknic type to a relatively 
high one. It is intended 
another place a detailed discussion of this index. 


useful one in classifying 


ty pology 


to publish soon in 


THE SCIENTIFIC MONTHLY 


there is a definite possibility that 
lived persons as a group can be statist 
ally differentiated from short-lived 
sons in respect of a number of struct 
physiological, and genetic characterist 
long before they are going to die 
while they are still in sound health 
would be unwise to generalize much { 
ther than this at More yw 
needs to be done, and we propose to ¢ 


present. 


tinue doing it just as rapidly and ext 
It is a 
ious and expensive sort of research, ; 


sively as can be managed. 


the resources available to us for its s 
port are so meager that progress is 
tressingly slow. But the results alread 
achieved seem clearly to indicate that 
have opened up here a line of approa 
to the problems of human longevity t! 
gives promise of eventually yielding 
sults of considerable significance, b 


We have ma 


similar analyses to the one here present: 


theoretical and practical. 


for two smaller groups of long-lived a: 
short-lived persons dying respectivel) 
cancer and pneumonia, with extrem: 
suggestive results; but the cases availab 
are still too small to warrant even pr 
liminary publication at present. 
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Up to this point the diseussion ha 


ben almost entirely of the innate, const 
tutional elements concerned in the det 
mination of individual life duration 
time that 
voted to the aspects 
the picture. the eag 
searcher for longevity finds his greatest 
will admit that 


is now some attention be 
environmental 
Here is where 
interest. For while he 
in an academic or philosophical point 

view it is doubtless desirable to know as 
much as possible about the hereditar) 
and constitutional factors influencing lif: 
duration, still after all not 
matters about which he can do much 1 


these are 
the way of promoting his own persona 
longevity. ‘‘Choosing one’s parents’’ 

a sufficiently amusing figure of speec! 
but really nothing much more than that 
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uw searcher really wants is to be lke to be suppled wit 
do something effective right here authentic juice that flows t 
w about a matter of such trans tain of Perpetual Youtl 
t personal concern. He would like — started maki iteran 
authoritatively told how he should = thoughts and aspira s 


t his life so to live long. Still that elusive 


he would like to be provided with prose uted 


pleasant pill or potion guaranteed = out just what it would 
p him going until he reaches ninety was found One of the 
ist, without an bother about what and deliehtful of its 
ts or drinks in the meantime, or 9 serves as the frontispiece of 
er he bundles up well when he goes — hook that is on t] 

the cold Best of all he would sive eolls T tracts al 


ine witl 
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Spring his 


| 


Many preapie 


pave ot ti 


in facsimile in Fie. 10 


depict hie 
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striking The moderate s 


Joaacco awe Lavsevi Tr material are definitely, 
Suevrvaes” Of Marre (laser live hs the total abstainers 
derere 30 tears of Aet t] : lerat lrinl 
- t* Ticmit att tl "lhl ere 
VecoROING To SMowine M4agits - 
significanths worse oO better off 
spect ot onvevit\ than the total 
ers from alcohol. Heavy indul 
either tobacco or aleohol is. ass 
with a very poor life table, but t! 
} : - 


table for heavy smokers 1s) ce 


worse i that tor heavy dri 


><) 


a Svrevivors 
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to about age 60. Thereafter to 

of the life the heavy smoker 
yt SUPrVIVIT 

But neithe 


about 11 The 


TAOUSANOS 
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LQ) to 


It is intended to publish eventually in ‘xXpenaiture 
detail the results of this investigation occupal 
Hlere there can be presented only a con deaths clirect 
densed table, which gives the survivor ards of eacl 

ship (/ values, at 5-vear intervals from have been deducted 
age 30 on. for the three usage categories the sort that associates 


rry . | ar Vsical ‘ or 
Che fieures of lable 2 with hard phy iva lab I 
i¢ally in Fig. 13 


The net result IS obvious In this 


are shown graph 
ship prevails whether the 


formed chiefly indoors or 


aa ; doors t is not primarily 
group of neariv ¢,000 men the smoking . “ 

. : 3 — ; uted TO the reneral environment 
of tobacco was associated definitely with : 
: Tors eonnoted by social Class 
an impairment of life duration, and the , 
: ‘ R tions. which are themselves cor 
amount or degree of this impairment in 

with average enerev expenditure 
creased as the habitual amount of smok 8 
a pation Before age IS attaimmer 
ing Increased he contrast between the : ce 
' = makes no difference in the 
life tables relative to the implied effects 


upon longevity of moderate smoking, on 
the one hand, and the moderate use of 


aleoholic beverages, on the other hand, 
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ay san odd tact that careful stud 
: ection of life records of nor 
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ns and centenarians leads, as one 
vq hy acest enera ZATIONS | 1) s/ 
make Trom then to thre 
}) hat these 2.000 and more persons 
al ted substantially the same ral i 
t { { in ' 
evree OT Variation relative hee ~ 
msi ~ Terms of perso Hl } bee ~ ~ 
ext 1 
HMOnestT people in venera Sole a 
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their lives; others had been ailing a find 
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ur one i) itstandine respect besides stens 
ve ongevity did the group markedly clurat 


from the venerality Of mankine the b 
re the whole. That is the fact that a ab , 
Sts najyorityv of these extremely ol ‘ a ot 
a s folk were of a placid tempera pher t 
ts | 1 not given to Worry, They hac he hette 
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THE MEMORIAL TO BENJAMIN FRANKLIN 


was so otten dur 


Benjamin Franklin will be **on 


the tongue’ entific an 


ith SY 
the li 


ir when a 


mal circles during itter pa 


this vei new nationa 


will de dedicated to the memory 


at natural philosopher and Ame) 


atriarch in Philadelphia, the city 


lif ‘ 
ne s lie he 


Franklin sought a suecesst +a 
sa printer, and found not only that 
so subsequent world-renown in thi 

science and statesmansl Ip 
‘ ent Roosevelt has expressed His 
of unveiling on May 19 a 
white marble statue of Franklin 
state \ memorial room cia the Krank 
lnstitute on Ph ladelph a’s Bena 


Parkway. The statue 


Ame! I< 


Kranklin 


rk of the ‘all SCLLIDTO! 


noted 
arle Fraser 
memorial room, known 


ill be the 


Structure 
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Ha 
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W spiritual center 
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Hnowuses The 
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erland of Sclence and the 


Planetarium of the Franklin Inst 


( onstructed entirely of marble 


ent varieties, the h; 


y adornment other than the herois 


and its own architectural charn 


n Shape and S2 feet i 


height 


ctagonal 
width and 


Vhen erected Ipon its massive pecdes 


Porti 
1s 
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from 
helo 1 


tose Aurora marble 


will rise to a ot 
Kranklin, approxim tely twice 
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nd statue will be 120 tons 
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he floor 


combined weight of pedes 


ranklin Hall will be the seen 

rable events during the dedication 
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representatives of France and 
n and the Canadian Minister w 
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THE FRANKLIN INSTITUTI 


O THE FRA 


nents. That it will be a meeting such as Medical Society of Lond 

Franklin himself would revel in, were he — this respect was nowhere ¢ 
alive, is evident from the list of those who Paris, where he represent 
have accepted invitations to present can colonies with suel 


papers on various pure sciences during the Revolutionar 

It will be gratifying to admirers King of France apy 
Be TT Ir ky t | + tha he | a ; . : + ; ner? 
Cn pam rankiin ha trie ead OT a Of a COMMISSION TO lnVves 


wimnted 


world-renowned Parisian medical society of Anton Friedrich Mesmer as to 
the present day Dr. Louis Martin, mal magnetism,’’ and it was Fran 

director of the Pasteur Institute—will who drew up 

come to the United States to be one of Mesmet 

the speakers in the pure science meeting Another whe 

Although not a medical wtor, Franklin to pay tribute 

hecame a hath | i() ; the medical James (* 

world and was elected a member of the 

Roval Medical eet ) Paris and the 
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\ndrews that the first of his 
s honorarv ¢ 
Benjami Krank ! (othe 
resent papers are Dr Creoree 1) 


ff, mathematician of Harvard | wi h the H } 1] ( 1] 
Be Arthur Ly Day director 1 The \ 


I hvsical Laboratory at the Carnet L fie I 
leas itmon, W asl ington. D. C.: Dr Vet nial ‘ 
Ly Fernald, botanist Harvard ly Halak | 1! LOOO 
tv; Dr. Gilbert N. Lewis, dea Won S 
lleve ot chemistry, | hiversity 
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California; Dr. C. E. K. Mees, director, This dist 


laboratory, Eastma) Kodak 








rhpans Rochester, N. Y.: and Dh arts 
mas H. Morgan, zoologist, of the Ca portat ! . 
la Institute of Technology Presid tions 
will be Dr. E. G. Conklin, executive eng 
preside. t of the American Philo prevent n 
cal Society, which was founded by prime movers 
, jamin Franklin and of which he was 9 seismow 
\ sident for many vears Last vear the W e) ~ 
= Kepresentatives of engimeering and the Fels [P 
—— fessional societies will attend another han | : 
ne to be held in the lecture hall on becaust Tr tine terest 
May 21, which will be devoted to applied upon the dedicat 
» ence. Dr. Harvey N. Davis, president = these numbers will be g 
the Stevens Institute of Teel nology, The new Benjan 
Hoboken, N. J.; Dr. Willis R. Whitney perpetuating throug! 
-president in charge of research of 9 ory of Franklin, the ma 
General Electric Company, Schenec hold of science and mee! s 
dy, N. Y.; Dr. W. E. Wiekenden, presi Franklin, the 
ent of the Case School of Applied — tributed so notably, w 
Science, Cleveland, Ohio; and Mr. Abel greatest of Americans v 
nn Volman, chief engineer, State Depart world’s outstanding mem 
a of Health, Baltimore, Md.. will be 9 of distinguished achievement ( 
in 


- THE FIFTIETH ANNIVERSARY OF THE AMERICAN 
:, PHYSIOLOGICAL SOCIETY 


‘ uk three great events in the history federation banquet 
American physiology have been the 9 of a history of the s 
velopment of the experimental labora At the banquet 
rv, the establishment of the American original members were pres 
rnal of Physiology and the organiza of hor Professor R. H. ¢ 
m of the American PI Vslological So emeritus proress 
' : ty This vear the society celebrated try at Yal -rotes \\ I] 
hiftieth anniversary t its ! ng How ‘ 
. The celebration took the orm Johns H ~ * . 
i program at the recel i! ‘ \ n ) . 
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sconsin and Professor W. P. Lom 
physiology a 
lis, Monson 
ichusetts, the fifth. was unable to be 
nit Kor the oceasion Dr W T 


) oT 


emeritus protessor 0 1 


ran Dr I W K 





rr, the founder and first edit 
society's journal, was made honorary 
dent of the society and acted as 
tmaster es. Abel. emeritus 
ssor of pharmacology at Johns 
cms University, was a distinguished 
st Dr. W. H. Newton brought the 
nes from the British Physiolog eal 
tv, and Dr. C. H. Best represented 


Canadian Physiological Society 
j 1 


program itsell cons sted of the ro 


the 


reanization members by 
sident Walter E. Garrey, the intro 
mn of the original members present 
eulogies of the three founders; H 
Rowditeh. by Walter B. Cannon: H 
Martin hy Dr. W. H. How: and 

rv S. Weir Mitel by Dr. A. 4 


Amer il 1} Vs ou j ~ ‘ 
tually founded on Friday, Decen 
1), ISS7, the orga ition me 
held in the phys wical laborator, 

the College of Physic ans and Sim 
s. 437 West 59th Street. in New York 


r Mitehell, H. N. Martin and H. P 


walitel It Is probable that the dea 


forming a society originated with Dh 


litechell, but certainly Dr. Martin, who 


m meograp! ed si p sign ed by S 


IS an original member of the Britisl 
ysiological Society, was also respons 
particularly for the constitution and 
ry policies seventeen were present 
organization meeting and eleven n 
re mace members, a total or tTwe nt 
eht. The membership ineluded pract 
ly all the biological scientists of the 
ivy who were using the experimental 


I \ siologieal met] od Besides t} e 


oul 


Ss themselves the list included Suc! 


lebrities aS Jol Nl $e Dalton. t} ePTl pres 


lent of the College ot Phy siclans and 
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\I ! in pais ! ither Marin size 1 m those s Nn sis § 
( nity t tar tron r San hug S SIX more Teel in dian 
rane Large } t burls appear 1 he bow 
Va tre mn the Muir W S vrove embracing tl root the tre 
ir’ enti s old. vet the Redw od does SInaitel burls ir i i variety 
not ! | extrem i monly ind shapes o>] Tie PULAKS \ 
. ( lit. Ofter I} Tree of the ther trees are abundant throug! 
Sierl , e Redwood of the coast are woods and contribute their part 
set Both are Sequolas, but sepa Redwood forest tvpe California 
if nai «iistinet species the Redwood tan bark oak and Doug Ss fil 
1) nitil uiv named Seqne f sem rl wl e madrone aidetl rutime 
unit the Bb ree Sequord buckey ire | inhi SCa read tn l 
he Redwood is found only erove. In Fern Canvon a Douglas 
along the coast and is the species whicl feet in diameter has been dedicate 
rrows the tallest of anv tree in the world, the memory or the late W im her 
now reaching the extreme height of 364 Multitudes of flowers and ferns 
feet It seldom exceeds a diameter of 20 found growing throug! the w 
feet or an age of 2,000 years. The Big and during the spring and early sum 
Tree crows « nly on the western slope of their blossoms add to the grace, ¢! 
the southern Sierra Nevadas and attains and solemnity of the Redwoods W 
an ave of $000 vears or more and a diam life abounds within the monument 1) 
eter of over 35 feet Lone ago fire ran wander up and down the forest aisl 
through the grove at Muir Woods and dawn and dusk Raccoons are ple 
eft in its wake charred st imps and deep and bobeat, fox, eovote, sk nk and n 
fire sears Inthe butts of liv ne Trees (‘hy tain lion are occasiona ly See! »Iras 
cles of mature trees surround fire-killed also numerous, but the majority « 
stumps whose roots sent up and fed these spend their time 1! the ta ret 
now mature trees shortly after fire had and are n ipparent to the average 
| ed the parent tree The fire sears tor I: ry and fingerlings « Sat 
weathered by time add to the pietur teelhead trout swart lh htless 
esqueness of tl scene bers in the larger p Ss, and when W 
In add n to its natural beauty the raims have raed the vater level nu R 
woods ~ noted ror abnormal! erowths, wood ( reek Visil S dha set b 
SI } Hs OUris. a bino shoots ai (i | isclated il | | ive sain ! ste ead gi 
formations on Redwoods, while interest their tortuous wa p the rapias 
" ) ri rafts and peecu i} eS Are spawn yr beds within the m rie 
{ ! other trees Burls rane ! CO OND 








